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Resumo O presente relatório de estágio traduz o trabalho desenvolvido entre Março e
Setembro de 2017 na empresa DB Systemtechnik, em Cottbus, na Alemanha.
Este ocorreu no âmbito da unidade curricular Dissertação/Projeto/Estágio
do segundo semestre do quinto ano do Mestrado Integrado em Engenharia
Mecânica da Universidade de Aveiro. O trabalho teve como objetivo o apoio
às atividades de projeto mecânico inseridos na atualização e renovação do
material circulante de tração Diesel da DB Cargo. Neste âmbito foram
desenvolvidas diferentes atividades de projeto mecânico aqui organizadas se-
gundo diferentes casos de estudo. O projeto principal foi a hibridização de
uma locomotiva ligeira diesel-hidráulica (BR294) através de uma transmissão
planetária gestora de potência (Projeto HELMS), onde a DB Systemtechnik
integrou os sistemas mecânicos, elétricos e de controlo. Neste projeto deu-se
apoio à conceção e construção do circuito de refrigeração do motor diesel,
à renovação de painéis para a carroçaria e cabine, à construção de estru-
turas de proteção de componentes de acordo com as normas de proteção
antifogo e à construção de estruturas de apoio ao teste estático com di-
namómetro/gerador. Desenvolveram-se também projetos mais pequenos de
reparação e modernização de outras séries de material circulante nomeada-
mente das series BR23x e BR212, onde se procedeu ao projeto de elementos
de revestimento e proteção da cabine para substituição de elementos daniﬁ-
cados por corrosão e desenvolvimento de elementos de suporte a pequenos
dispositivos eletrónicos. Paralelamente às atividades de projeto mecânico
desenvolvidas na empresa DB Systemtechnik, e com o intuito de melhor
conhecer a tecnologia associada ao material circulante foram realizadas visi-
tas técnicas à EMEF - Unidade de Manutenção de Alta Velocidade no Porto,
à feira TRAKO 2017 na Polónia e a participação no congresso internacional
Wayside Train Monitoring Systems 2017 em Berlim.

Keywords Trains, railway, mechanical project, refurbishment of railway vehicles, regu-
lation, railway history, railway in Portugal, diesel stock, Deutsche Bahn
Abstract The following internship report reﬂects the work done between March and
September 2017 on DB Systemtechnik, in Cottbus, Germany. This work
was made in context of the subject "Dissertation/Project/Internship" of the
second semester of the ﬁfth year of the Intergrated Master Degree in Me-
chanical Engineering of the University of Aveiro. The objective was to give
support to the mechanical project and construction activities on the mod-
iﬁcation and refurbishment of DB Cargo's diesel locomotives ﬂeet. In this
context, diﬀerent mechanical project activities were developed, and are here
organized in diﬀerent case studies. The main project was the hybridization
of a hydro-mechanical light locomotive (BR294) with a complex power-
dividing planetary gearbox (HELMS project), where DB Systemtechnik was
in charge of the mechanical, electrical and control systems integration. On
this project, support was given on the construction of the diesel engine
cooling system, renovation of bodywork and cabin, construction of protec-
tive structures according to ﬁreproof standards and construction of support
components of the static integration test. Some minor projects of repair-
ing and modernization of other series of locomotives were also developed,
namely the project of corrosion repairing panels for the bodywork and cabin
of the BR23x and the project of support elements for electronic devices on
the BR212. Parallel to the mechanical project activities developed on the
company DB Systemtechnik, and with the objective of gain some knowledge
of the technology associated with rolling stock, some technical visits were
made to the facilities of "EMEF - High Speed Maintenance Unit" in Porto,
visit to the railway fair "TRAKO 2017" in Poland and the attendance of the
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The Railways are a crucial infrastructure nowadays. Millions of passengers and tons of
freight rely on the railways each day, all around the world. To transport this massive
amount of people and freight, railways have giant ﬂeets of locomotives, wagons and
railcars, that must be properly maintained to ensure availability, safety, quality and
proﬁt. When the rolling stock is no longer capable of providing a good reliability and/or
they are outdated, two possible destinations are available: workshop, for a complete
refurbishment/upgrade, or the scrapyard. For economic reasons, refurbishing and/or
upgrading an existing series of rolling stock is, on most of the cases, the best option.
1.1 Objectives
The work made in the context of the internship focused precisely these refurbishment and
modernization works on the DB Cargo's ﬂeet. The main objective is to give support to
the mechanical construction of the HELMS project (refurbishment of a BR294 locomotive
with a hybrid powertrain). Parallel to that, the ﬁrst part of the report is not entirely
related to the developed mechanical construction work, but is intended to make a review
of some topics about the railways, for future reference.
1.2 Motivation
Since my childhood I had strong relations with the railways: my father worked as a train
driver and traction manager in CP (Comboios de Portugal). I always remember to get
along with railway workers on meetings, trains, and the railway world in general. From
then on, I developed a friendship with that environment that kept until now. On that
time, I gradually decided that I wanted to work on that world and follow the steps of
my father. Almost ﬁnishing the Mechanical Engineering degree, an opportunity to start
working on this environment appeared and I decided to go on. It was my ﬁrst step to
get on the fantastic world of the railways.
1
2 1.Introduction
1.3 Structure of the Document
This document is divided in seven chapters. The ﬁrst one (this one) describes the objec-
tives and motivations for this work. The second and third ones consist on the review of
topics about the railways: History, European Railway Today and Rolling Stock Technol-
ogy. The fourth chapter presents the backgrounds of the internship, the company, loca-
tion, objectives and the working methods. The ﬁfth chapter describes the case studys of
the internship, the challenges, learnings and their ﬁnal status. The sixth chapter consists
on a description of the events and technical visits attended during the internship, an
the respective learnings. The seventh and last chapter concludes the report and makes
a general balance of the internship. Annexed to the report can be found some relevant
documentation produced in the context of the internship, namely drawings and part
lists.
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Chapter 2
Railway Topics
This chapter is intended to make an overview of the railway world of yesterday and today:
an historical chronology of the major technological developments and railway evolution,
the Railway on the EU economy, Railways and the Environment, and a case study of
"Portugal and the Railway".
2.1 Railway History
2.1.1 Born of the Railway
The need for an eﬃcient transportation system capable of carrying big loads was the
main reason that lead to the born of the railway. Since the beginning of the ﬁrst railway
experiments, it was stated that having a vehicle running on a dedicated low-friction track
was more eﬀective than on a non-dedicated gravel/dirt road. (Figure 2.1) With wooden
tracks and wheels, the same horse that could pull a 1ton carriage on a road pulled a
25ton load on tracks. [55]
The born of the railway has a major connection with the mining industry: the ﬁrst small
wagons were built to transport coal cheaply between mines and cities. [24] As the carried
loads increased, the wooden rails could not stand the demanding operational scenario, and
they were switched by more resistant iron-plated rails. The metallurgical developments
of the 18th century (puddling process, rolling process, hot blast. . . ) beneﬁted the railway,
as the quality of the iron (and later steel) increased and the cost of the iron processing
decreased. [27] With the development of the steam engine, the horse-drawn wagons
gradually disappeared: the steam locomotives were more powerful, able to transport
more wagons and bigger loads.
2.1.2 Expansion and Technical Developments
The Great Britain was the home of the ﬁrst steam-hauled railway in the world, the
"Liverpool and Manchester Railway", that connected both cities in 1830. (Figure 2.2)
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Figure 2.1: German mining cart Hundt , 16th century. Its ﬁtted with wooden wheels
and a guidance pin that ﬁtted a slot on the tracks. [24]
This railway proved the viability of the rail transport both for passengers and cargo.
[55]
After that, a nationwide railway construction project started in Britain, then spreaded
throughout the world. Twenty years later more that 20000km of tracks were already
built and operated, the majority of them in Great Britain, Germany and France.
Figure 2.2: An example of the "Liverpool and Manchester Railway" rolling stock. [22]
In Portugal, the ﬁrst railroad started between Lisbon and Carregado in 1856. [12] At
about the same time, in Great Britain, the ﬁrst steel rails were built to accommodate
bigger trains and loads. The less ductile iron rails were a limitation, due to the inhability
to support bigger loads per axle, lateral loads on curves and a tendency to brake.
The second half of the 19th century held also the introduction of many innovations
that we see today on the railway, in which concerns comfort and amenities (diﬀerent
classes (1st, 2nd, 3rd), lavatories, sleeping coaches. . . ) and train technology (air brake,
automatic coupler. . . ).
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2.1.3 The Underground, Trams and Electric Traction
As the passenger services increased in number, quality, and passengers served, it was ev-
ident that the railway could solve mass transportation problems within the city's bound-
aries. In 1863, the ﬁrst underground railway was built in London (Figure 2.5), with
adapted steam locomotives (steam locomotives release vast amounts of condensed steam
directly to the atmosphere, but these adapted locomotives accumulated the condensed
steam, and only released it on certain vented locations). [21]
In 1879, the ﬁrst electric railway was demonstrated in Berlin (Figure 2.3), followed by
the construction of the ﬁrst electric tram line two years later (Figure 2.4). [5] [2]
Figure 2.3: The ﬁrst electric Railway [5] Figure 2.4: The ﬁrst electric Tram [2]
Figure 2.5: The Tube nowadays - London Underground of today
As the electricity was transmitted at ground level at open air, this tramway had to be
separated from the driveway (roads) and trespassing was prohibited. To overcome the
danger of having exposed electric wiring on the ground, an overhead energy supply was
adopted decades later. [2] The electricity ﬂows through an overhead cable and the trams
have a bow collector/pantograph in contact with it. This conﬁguration is used nowadays
on most electriﬁed lines worldwide (both for trams and trains). (Figure 2.6)
Electric locomotives are much more eﬃcient than steam ones (for instance, η =10%
vs η =90% respectively) and easier and cheaper to run. [44] Their development was
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Figure 2.6: Tram in Lisbon. The old bow collector was already updated to a modern
half-pantograph [46]
particularly boosted by the increased use of tunnels: steam locomotives produce vast
amounts of smoke, which was particularly noxious if stranded in conﬁned spaces, as
tunnels. Municipalities began to prohibit the use of steam traction on tunnels and within
city's boundaries, and electric locomotives and railcars were the substitutes available at
that time. The major drawback was the high cost of the infrastructure. Especially out of
the city boundaries, in low traﬃc density lines, the electriﬁcation was not economically
viable.
2.1.4 Diesel Traction
At the beginning of the 20th century, the diesel engines saw major developments, and later
were ready to be installed on various types of vehicles. [47] The ﬁrst diesel locomotive
ran in 1912 (Figure 2.7) and the ﬁrst diesel railcar 2 years later (Figure 2.8). [10]
Figure 2.7: The ﬁrst diesel Locomo-
tive, built by "Die Diesel-Klose-Sulzer-
Thermolokomotive"[1][33]
Figure 2.8: The ﬁrst diesel Trainset from the
"Royal Saxon State Railways" [1]
They were as powerful as their electric siblings, but much more autonomous without the
need of an external power source (electrical overhead wires for instance) for operation.
Soon after the World War II, the steam locomotives were gradually replaced by more
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powerful and easy to run diesel locomotives. They don't need pre-heating, coal supply,
water supply and a vast crew to drive and operate: only a ﬁlled diesel tank and the
train driver. Moreover, they could run on the tracks used by steam locomotives, without
electric power supply.
2.1.5 Railcars/Trainsets
The reduced size of the newer diesel engines and newer electric traction motors made
possible their installation under the ﬂoor of passenger coaches, eliminating the need of
locomotives or installations on the nose or inside the car (see ﬁgure 2.8, diesel engine
installed on the nose of the railcar). Railcars/Trainsets have driving cabs at both ends,
eliminating the need for shunting: they are always positioned and ready to be driven
forward or reverse.
Figure 2.9: A Diesel-Hydraulic Portuguese Made UTD600 Trainset [41]
2.2 European Railway in Numbers
The Railway plays a important role on the European economy nowadays. To understand
the dimension of the railway market in Europe and its importance it's necessary to review
some statistics about transportation.
2.2.1 Market Share
According to the Eurostat, the rail market represents 8,2% of the passenger transporta-
tion market (incl. metros and trams) and 11,6% of the freight market (Intra-EU). In
absolute numbers, this means about 530 billion pax·km and 410 billion ton·km respec-
tively. (Figure 2.10 and 2.11) [39]
Since 1990, the rail freight transport had not suﬀered great variations on the quantity
of freight transported, with exception on the period of the World Financial Crisis in
2008. [39] Nevertheless, this situation is changing: the rail freight market is becoming
more diversiﬁed (new types of services and adapted rolling stock) and attractive for
both costumers and investors (private freight operators) via partnerships and Innovation




























Figure 2.11: Market Share of the European Passenger Market in 2014 [39]
Programmes (Shift2Rail). Analyzing the same time frame (since 1990), the demand for
rail passenger transportation had increased almost 20%. [39]
2.2.2 Infrastructure
Currently, there are 220000km of railways in Europe, half of them electriﬁed (115200km).
(Figure 2.12)
Regarding High Velocity lines (according to the 250km/h deﬁnition from European Union
authorities and not the 220km/h UIC deﬁnition), there are about 8000km already in use,
which represents 3,6% of the railway network in Europe. Although this percentage may
look insigniﬁcant, High Speed lines carry almost a quarter of the total pass∗km by train
in Europe. Until 2024, more 2800km are expected to be built. [39]
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Figure 2.12: Map of the European Railway Network in 2017 [19]
2.2.3 Portugal
Relatively to the market share, Portugal has a deﬁcit in which concerns the use of rail
transportation: the railway (incl. metros and trams) have 52% less modal share than
the European average, situating on the 5,1% for passengers, and the freight market have
almost 30% less modal share than the average, situating on the 12,5%. [39]
In total, 4,9 billion passengers·km were transported by the railways (3,9 billion with heavy
rail and 1,0 billion with tram and metro services) and 2,4 billion ton·km of freight. The
passenger heavy railway market is composed by one major public operator and only one
private operator: CP and Fertagus respectively. The freight railway market is liberalized
with 2 companies operating: Medway (former CP Carga) and Takargo.
The infrastructure has 1629km, with 64% of electriﬁcation (25kV AC except a 25km
1500V DC track), above the European Average. [39] The maximum speed on the network
is 220km/h on certain routes, which cannot be considered "High Speed" according to the
European Union authorities. The totality of the tracks in commercial use are Iberian
gauged (1668mm), with exception of the metric Vouga Line, in the Center of Portugal,
with an extension of about 100km. (Figure 2.13)
2.3 The Industrial and Urban Development and the Rail-
way
As stated in the introduction, the ﬁrst railways were developed in order to carry heavy
loads in an eﬃcient way, namely loads of coal from mines to the cities. During the in-
dustrial revolution, coal was the main source of primary energy. [30] Mining companies
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Figure 2.13: Map of the Portuguese Railway Network in 2017 [15]
had all the interest in developing a way to increase the production of coal, and the gov-
ernments wanted to increase the amount of energy available to the industry, in order to
support the industrial revolution. When the railway proved to be a solution to make coal
transportation more eﬃcient, the governments looked at the railway as also a solution
to transport other types of goods. At the beginning, despite the very low speeds, freight
transportation via train was much more eﬃcient than all the other means of transporta-
tion available (road cart, by hand. . . ). After some time, the railway began to transport
passengers: the ride was much quieter than by cart, faster, and more passengers could
be carried in one time. Many cities were constructed around railway hubs, and their
economy was vastly dependent of the railway. In Portugal, a perfect example is Entron-
camento, which was a major station, junction, depot and workshop of CP. Its origins are
related with the construction of the railway line, when many of the workers migrated to
the area. [42]
It's safe to say that the railway speeded the way the countries developed and aﬀected the
demography dispersion. It's proved that the regions near the railway are more developed
and have a bigger demographic development that the regions that are not served by the
railway. [29]
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2.4 Railway and the Environment
The railway is normally associated as an environmentally friendly transport. However,
proving this fact with data from trusted sources (EU authorities) is diﬃcult: There are
many data sources for the emissions of polluting gases (CO2 and GHG) of the railway, but
all of them are excluding the non-local emissions regarding the production of electricity
for electric trains. If almost half of the European railways are electriﬁed, and if the
rail traﬃc is much more dense in electriﬁed areas than in non-electriﬁed areas, we can
conclude that the majority of pass·km and ton·km by rail are made in electric trains.
Then, it's not valid to compare the emissions of only a part of the rail transport (diesel
trains) with the emissions of all road transport (the market share of electric road vehicles
is still residual. . . ). In fact, if the values of the energy consumption of electric trains
are available, and the datasheet of the energy source of that electricity too, it's possible
to calculate the total of emissions of electric trains. A work of this kind was done by
Januário, Osório et Takagi [26], but in a much smaller scale (only for a train trip),
using mathematically calculated energy consumption (according to the train mean and
maximum velocity, number of stops. . . ) and the data from the electricity provider about
the source of the energy. For the same energy amount, the resultant emissions change
depending on the source: they can be zero, in the case of renewable sources or nuclear
power, or very high, worse than burning automotive fuels, if the energy is produced from
coal. This demonstrates that electric trains, despite having almost zero local emissions,
can be environmentally friendly or an environmental nightmare. (Figure 2.14)
Figure 2.14: Life-cycle CO2 emissions for diﬀerent vehicles and fuel types [18]
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However, it's possible to have an idea how environmentally friendly trains are, if we
compare the total amount of energy (toe = ton of oil equivalent) spent and the passen-
gers/cargo transported. In 2016, railways used 2% of all the energy spent on transporta-
tion on the EU. The road transport used 82%, 41x more. Accounting the modal share of
each one, rail transported 8,2% of the passengers·km and 11,6% of the ton·km of freight,
while road transported 82,2% of the passengers·km and 49% of the ton·km of freight.[39]
Road transport had 10x more passengers and 5x more freight, but consumed 41x more
fuel than the railway. It's safe to say that the railway consumes far less energy than road
transport. Apart from the energy savings, signiﬁcant diﬀerence resides in the fact that
more than more than half of the railway tracks are electriﬁed and can be supplied with
environmentally friendly electricity, while almost all the road transport has to rely on
fossil fuels. On this way, railways can be considered as environmentally friendly, since
more than half of the electricity produced on the European Union comes from nuclear
plants∗ (27%) and renewable sources (25%). [39]
∗Note: Nuclear plants don't have direct greenhouse gas emissions and local CO2 emis-
sions.
2.5 Portugal and the Railway
In 2015, the Portuguese railways transported as many passengers as in 1967, despite
the population had grown by 17%. Exactly 50 years ago, 138 million passengers were
transported by train. On the golden year of 1988 a total of 230 million passengers were
transported. The expansion and development of the road transportation infrastructures
and divestment of railway infrastructure/rolling stock construction and modernization
had terrible eﬀects. The rail infrastructure had a good territorial coverage, but stopped
in time when the successive governments gave priority to road transportation. Duarte
Pacheco, Minister of the Public Infrastructures and Communications on the decade of
30 and 40 and leader of the revolution in the road transportation in Portugal, stated in
one of his speeches that the railways had no future. [43] In 1943, 41% of the locomotives
had more than 50 years and 30% had between 30 and 50 years of service. [28] After
the Second World War, unlike other countries aﬀected by the war, the portuguese rail
infrastructures were outdated (they were not reconstructed because Portugal had not
been aﬀected by the War, but they were old). On the following decades, some eﬀorts
were made in updating both the infrastructure and the rolling stock: three national
Development Plans (Plano de Fomento), plus the aid from the Marshall Plan that helped
buying new diesel rolling stock. [48] Then, in the 70's, the Carnation Revolution and
the Petrol Crisis were major drawbacks to the development of the Railways: After the
revolution, the democratic government had new priorities and decreased ﬁnancing the
railways; more money was spent to improve the laboral conditions of the employees; the
rail traﬃc decreased dramatically due to the crisis. [48] [28] After joining the European
Union, in 1986, Portugal received vast amounts of money to upgrade many stations,
update and electrify the major lines, eliminate the bigger bottlenecks on the North Line,
correct the layout of other lines (in order to raise the allowed top speed) and update the
ﬂeet. [48]
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With Portugal being the host for the EXPO 98 and the European Football Cup in
2004, some stations were upgraded, completely rebuilt or built from the scratch, like
"Gare do Oriente", one of the most important multimodal stations in Portugal. (Figure
2.15)
Figure 2.15: Gare do Oriente
Regarding the quality of service, the global punctuality reached 92% with PI (Punctuality
Index) 5min and 84% with PI 3min. [11]
In the freight market, despite having ports for international freight and an excellent
localization for being one of the doors to Europe via sea, the Iberian gauge (1668mm)
that Portugal and Spain traditionally use is a huge drawback for international freight
transportation: Iberian freight wagons cannot proceed directly to Europe because of the
diﬀerent European gauge (1435mm). There are two possibilities: bogies with the Iberian
gauge can be changed to other ones with standard gauge, which cause a logistical problem
in the exchange point, or the freight has to be changed from Iberian wagons to European
wagons. In both cases, the costs rise up, making it diﬃcult to compete with countries
from central Europe.
Concerning light rail services, there are 3 networks of this kind in Portugal, in Lisboa,
Porto and Almada.
The ﬁrst one, "Metropolitano de Lisboa", mostly underground, began operations in 1959
with 6,6km of tracks, 11 stations and 24 double trainsets. Today, there are 44,1km of
tracks, divided by 4 lines, with 56 stations and 112 trainsets. This system transported
753,2 million pass·km (153,2 million passengers) in 2016. Since its opening, it veriﬁes a
growing number of passengers. [14] (Figure 2.16)
The second one, "Metro do Porto", began operations in 2002. Nowadays, it counts with
67km of tracks, divided by 6 lines, with 81 stations (14 underground) and 102 trainsets.
This system transported 296,1 million passengers·km (58,0 millions of passengers) in
2016. [17] Two of the current lines replaced CP metric gauge lines, resulting on a higher
frequency, more stations, but a decrease in the number of passengers on some routes.
[40] (Figure 2.17)
The third one, "Metro Sul do Tejo" (or "Metro Transportes do Sul"), is a ground-level
light rail system situated on the south margin of the Tejo river, south of Lisbon, that
connects the train and boat connections between the two margins of the river to some
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housing nuclei and a University. It counts with 13,5 km of tracks, divided by 3 lines,
with 19 stops and 24 trainsets. This system transported 29 million passengers·km (10,9
million passengers) in 2015.[13] (Figure 2.18)
(a) "Restauradores" Station in the 60's [36] (b) "Restauradores" Station nowadays [23]
Figure 2.16: Evolution of the "Metropolitano de Lisboa"
Figure 2.17: "Metro do Porto" Trainset [52]
João Manuel de Sousa Januário Dissertação de Mestrado
2.Railway Topics 15
Figure 2.18: Composition of the "Metro Sul do Tejo" [20]
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Chapter 3
Rolling Stock Technology
This chapter is intended to make an overview and characterization of the diﬀerent types
of rolling stock and powertrains. It's divided in: Characterization of Rolling Stock, Lo-
comotives as Energy Converters, Loco-hauled Trains vs Railcars, Revolutionary Designs,
Technology of Today and Tomorrow.
3.1 Characterization of Rolling Stock
Considering the diﬀerent location in which the powertrains can be mounted on a train,
it's possible to separate rail vehicles into three main categories: locomotives, trainsets
and hauled-vehicles. Each one can be used for three purposes: passengers, freight and
railway maintenance.
Locomotive Rail vehicle intended to draw a set of unpowered vehicles, independent of
the purpose. There are locomotives more suitable for a speciﬁc use (passengers or
freight), depending on the top speed and tractive eﬀort, or for mixed use. Some
low-powered locomotives, named "Shunters", speciﬁc for low speeds, are used in
yards to sort freight wagons of workshops/stations to move other locomotives and
passenger wagons.
Railcar/Trainset Auto propelled rail vehicle, mainly used for passengers. There are
also some freight trainsets, like the Japanese "M250" or German "CargoSprinter",
and many track maintenance trainsets, for track construction or inspection. Nor-
mally they are called as railcars if they are composed by a single unit or trainsets
if they are multiple units.
Hauled-vehicle Unpowered vehicle. In this category fall vehicles as passenger coaches,
freight wagons. . .
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3.2 Locomotives as Energy Converters
Following the Law of Energy Conservation [6], locomotives are nothing more than en-
ergy converters that transform electrical or chemical energy, from power lines, batteries
or combustion, into kinetical energy. As stated, locomotives can have diﬀerent energy
sources and operating schemes. The three most common types are the steam, diesel and
electric locomotives.
3.2.1 Steam Locomotives
Following animal traction, very common on the early days of railways, steam propulsion
was the standard tractive system on the 19th century and had its importance on the
ﬁrst half of the 20th century. This system used the principles of the Watts steam
engine, converting the chemical energy of combustibles into kinetical energy on a piston.
The fuel is burnt on a furnace, that hands heat to a boiler. The boiler turns cold
water into pressurized steam. The steam then compresses multiples pistons, giving them
translational kinetic energy. The pistons are connected to the driven wheels in a rod-
crank conﬁguration, transmitting them rotational kinetic energy. All steam locomotives
use this system, but there are some changes in the number of pistons, orientation of the
boiler and fuel type.
Figure 3.1: Working Scheme of a Steam locomotive [16]
The common steam locomotive burns coal or some sort of wood, but there are other
variations those burns heavy oil, diesel, or even don't burn fuel: the steam is produced
via electrically heated boilers. Normally, they were built keeping in mind which fuel was
cheaper to run. Coal was by far the most popular fuel for steam locomotives.
In Portugal, the steam locomotive CP 0186 (Figure 3.2), that originally burnt coal, was
adapted to run on diesel. This locomotive makes part of the Douro's Historic Train,
and the conversion made possible to reduce the locomotive crew, lower the running
and maintenance costs, lower the probability of an accidental ﬁre along the track (coal
produced hot ﬂashes that could trigger a ﬁre near the tracks) and simplify the driving of
the locomotive (the diesel combustion is easily controlled). [50]
In addition to the power wheels, big steam locomotives need unpowered axles in front of
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Figure 3.2: CP0186 leading the Douro Historical Train, 2016 [31]
the powered axles, for guidance at high speeds (leading axles), and at the back, to help
supporting the weight of the cab and ﬁreboxes (trailing axles).
3.2.2 Electric Locomotives
Steam locomotives, even if they use electrical heating, are, by far, less eﬃcient than elec-
tric or diesel locomotives (for instance, ηsteam=10%, ηdiesel=45%, ηelectric>90%). Elec-
tric locomotives have electrical motors instead of steam cylinders to provide the traction
power. Electric energy is stored on batteries or collected via overhead wires or third rail,
and then used in the electric traction motors to provide tractive power.
The external power sources (overhead wires or third rail) can use DC or AC current,
which is converted and/or rectiﬁed before the electric traction motors. Since the ﬁrst
experiments and until middle of the 20th century, DC power was widely spread. Despite
that, it had one big disadvantage: tipically, the nominal voltage was relatively low (750 to
3000V), resulting in high currents for the amount of power required for rail traction, and
high heat losses on the distribution system. The hardware needed to deal with high cur-
rents on the trains was big and the power distribution system needed many substations
to power the grid.
AC motors have a better power-to-weight ratio for rail vehicles, are simpler to build and
maintain, enable rheostatic braking and beneﬁt the power grid: AC power distribution is
more eﬃcient, since it enables much higher nominal voltages (25kV) and lower currents.
At the beginning of the 19(th) century, AC motors were big and had to be mounted on
the chassis of the locomotives, but further developments decreased its size and allowed
them to be installed directly on the bogie.
Nowadays, this bogie-mounted AC motors and overhead 25kV AC electriﬁcations (EN
50163:2004) are the top of the edge standard in heavy railways (freight, passenger conven-
tional and high-speed applications). Some countries, like Germany, which were electriﬁed
before the standardization, use a diﬀerent voltage and frequency (15kV, 16.7 Hz), even in
high speed applications. Many subways continued to use DC power and third rail electri-
ﬁcation: overhead wires would result in higher tunnels to accommodate the system, and
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the onboard hardware for AC systems (transformers and power converters) impose sig-
niﬁcant weight on vehicles (DC motors need less hardware to change the output speed).
[56]
∗-Note that the heat loss (copper loss) in electrical wires is proportional to the square
of the current, Loss = I2 ·R · t, so double the current means 4x more heat losses. Plus,
in DC, the wire is always excited and the heat loss is constant. In AC, the wire is not
always excited (sinusoidal wave) and there are less heat losses.
Today, in AC powered locomotives with AC motors, electricity ﬂows as stated on the
next ﬁgure. (Figure 3.3)
Figure 3.3: Schematic of an Electric AC Locomotive [54]
First, the electricity ﬂows from the overhead wires to a main transformer that reduces the
voltage from 25kV to 600/1500/3000V, depending of the manufacturer and technology.
The lower 600V power systems are used in hybrid designs to match traction batteries
voltages, which facilitate the connection between the batteries and the power system.
Then, a rectiﬁer transforms AC monophasic current to DC current. After that, an
inverter transforms DC current in frequency and voltage modulated triphasic AC current,
which ﬂows to the electric motors to provide traction. Although it looks strange to
convert AC to DC and to AC again, the easiest way to control the frequency and voltage
of an AC current (engine speed) is via DC current and a power inverter.
Some diesel locomotives have electric motors to provide traction eﬀort, where the diesel
engine has no connection to the wheels. Despite the electric traction, these locomotives
are not considered as electric, since the prime mover is a diesel engine and the main
power source is diesel.
3.2.3 Diesel Locomotives
Electric locomotives have many advantages but one big problem: the high implementa-
tion cost of the electric power infrastructure. Diesel locomotives use the diesel engine as
the prime mover, followed by electric hardware of control and transformation of electric
current, with one or more electric motors connected to the wheels/axles (without connec-
tion of the diesel engine and the wheels), or mechanical/hydraulic transmissions directly
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connected to the wheels. The energy ﬂow of the diesel-electric locomotives is similar
to electric locomotives, with the exceptions of the overhead wire and main transformer,
which is substituted by the diesel engine connected to a alternator/generator. (Figure
3.4)
Figure 3.4: Schematic of an Diesel-Electric Locomotive[53]
Regarding the Mechanical/Hydraulical designs, it's possible to divide them in 3 types:
Diesel-hydraulic Hydrodynamic design Rely on an hydraulic transmission composed
primarily by one or more torque converters (ﬂuid coupling) and the presence, or
not, of a hydraulic gearbox between the converters and the wheels. The hydraulic
gearbox is composed by a series of torque converters with common shafts, each one
designed for eﬃciency in a certain range of speeds. Only one is actuated at each
time. This design is preferred for low-power applications (shunters and railcars),
since it's simpler and reliable for this range of power. For high-power applications,
this systems size and price increase too much, and diesel-electric designs are more
suitable. On other hand, there is one big environmental problem: if the hydraulic
drive leaks, which is not so uncommon, oil drips to the soil and pollutes the sur-
rounding and the underground water.
Diesel-hydraulic Hydrostatic design Pressurized ﬂuid from the hydraulic pump (con-
nected to the diesel engine) ﬂows to small hydrostatic motors to power the wheels.
This system has some advantages: high power density, since very small motors can
produce high torque outputs, and versatility, since the can be installed in a vari-
ety of positions and orientations (the connection between the main pump and the
motors is made via ﬂexible oil hoses). This design is commonly used on track main-
tenance vehicles, for low and controlled speeds (rail grinders). This is particularly
useful in these rail maintenance vehicles as the same ﬂuid used for traction can also
power a variety of machinery and accessories. The main disadvantage stands for a
lower eﬃciency than other designs, and the tendency for developing oil leaks.
Diesel-mechanic design Rely on a mechanical gearbox, commonly automated, and a
mechanical clutch. This design is used in some low-powered railcars and shunters,
as it's the simplest and cheaper one, but not suitable for applications that require
heavy power. Big diesel-mechanical systems get too big and heavier for vehicle
implementation.
There is a newer technology that brings the best of the diesel-hydraulic and diesel-
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mechanic words, which uses one high eﬃcient torque converter and a mechanical gearbox
together. The torque converter, as stated before, is only eﬃcient for a certain speed range.
The mechanical gearbox enables it to operate on an eﬃcient speed range for more time.
The torque converter also acts as a clutch, and have a bigger lifespan than a mechanical
clutch, which wears out relatively fast in heavy duty mechanisms. Plus, torque converters
are smoother to operate.
3.2.4 Loco-hauled trains vs Railcars
Historically, trains are composed by locomotive and unpowered wagons. Trams began to
use the "railcar" conﬁguration, in which there were no locomotives and the wagon were
self-propelled by electric motors installed on-board. Later, this conﬁguration was used
in heavy railways, with some advantages:
Ease of use (Logistics) Since railcars have cabins in both sides, are ready to work in
both directions. This eliminates the need for shunting and roundabouts.
Distributed traction and ﬂexibility As other wheeled vehicles, trains transmit torque
from the wheels to the rails, producing a force on the rails and consequently pro-
pelling the train (action-reaction).
The coeﬃcient of friction (µ) between the rail and the tracks is low (about 0,3 for
dry weather and 0,15 for wet weather). Normally, loco-hauled trains have a maxi-
mum of 6 powered axles, depending on the design of the locomotive. As these axles
have to provide tractive eﬀort for all the train (centralized-traction system), and
the coeﬃcient of friction is low, locomotives need vast amounts of weight per axle
to avoid slipping. If the locomotive weigth is not enough to provide grip, ballast
weigths must be added. High weight-per-axle can impede trains from using certain
routes (commonly bridges that have weight restrictions or old tracks) and wear out
the tracks faster. [9]
In the trainsets it's possible to implement distributed-traction systems in which
the tractive eﬀort is distributed by multiple wagons instead of being concentrated
on a single wagon/locomotive. As eﬀect, the adhesion force can be used eﬃciently
through the trainset. This is very important in high-speed: the maximum velocity
of a high-speed train is limited by the adhesive coeﬃcient and the total powered
axle load (which give the maximum tractive eﬀort before wheelspin). For the same
adhesive coeﬃcient, a power-distibuted system have a higher total axle load (more
powered axles) and, consequently, a higher top speed. [9] Normally wagons from a
trainset can't be separated and operated alone, as each unit is designed to circulate
on a speciﬁc conﬁguration, with a speciﬁc number of coaches and cabins on both
ends (wagons on the middle don't have a cabin). Although, two or more multiple-
units can be attached together to form a bigger composition (the two or more
multiple-units are controlled by one driver in one cabin) and detach on the end of
the shift. This solution is useful to adapt the oﬀer to the demand (double multiple
unit on peak-hours and single multiple units out of peak-hours).
Apart of passenger transport, there were some examples of freight transport with
distributed traction, namely in Germany (CargoSprinter - Diesel) and Japan (M250
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Super Rail Cargo - Electric).
3.3 Revolutionary Designs
Some projects and prototypes tried to revolutionize the basic principles of the train as
we know today. These alterations include mainly changes on the drivetrain and on the
tracks. This section resumes some of the most important ones.
Maglev (Magnetic Levitation) Instead of steel rails and wheels, this train levitates
some milimeters above a concrete-based track. The tracks are constructed several
meters above the ground. The levitation reduces friction forces and wear (there are
no moving parts), enabling higher speeds and a quieter trip than wheeled trains.
The traction is provided with electric linear motors installed on the tracks.
Figure 3.5: Principles of the Maglev technology
Monorail Instead of tracks consisted by two separated steel rails, monorails run on a
single centered track with one rail, commonly constructed some meters above the
ground. The single rail can stand below the train, like normal railways, or above
the train, like a suspended cable car. This design is a good option for mass transit
within cities, as it can be easily built elevated on the streets, and it's normally
lighter than the normal train systems. Normally they can handle steeper grades
than trains (up to 10% in Lausanne Metro, Switzerland)
Note: Some Maglevs can be considered as monorails, but normally Maglevs and
traditional monorails have very diﬀerent purposes: High speed and mass trans-
portation respectively.
Propelled Railcars There were experimental trains in which the traction eﬀort was
provided by aircraft propellers or jet engines, as the aircrafts. These vehicles were
capable of reaching astonishing speeds (Shienenzeppelin, Germany, 1931 - 230km/h;
Aérotrain, France, 1974 - 430km/h (Figure 3.6)) comparing to other traction sys-
tems at the time, but they had some safety and operational issues: the rotating
unprotected propeller was a serious danger in crowded stations (could easily cause
death), the railcar needed to be reversed at the end of the trip and it was diﬃcult
to pull additional wagons because of the tipology of the vehicles (a cabin must be
on the front and the propeller must be on the back.
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Figure 3.6: French "Aérotrain" Prototype [4]
Tilting technology In order to achieve greater speeds on regular tracks, and to im-
prove passenger comfort, the train tilts while describing a turn, to counteract the
centripetal force. This tilting movement is similar to a motorcyclist leaning for a
curve. When well-designed, this designed proved to solve many motion-sickness
problems and raised the speed limit of certain routes. This technology is used of-
ten in high speed services on mountainous terrain and to overcome limitations of
non-high-speed dedicated lines with tight curves. (Figure 6.1)
Push-pull trains In order to overcome the need for shunting of loco-hauled trains, some
control cars (passenger unpowered wagons with a cabin for drivers at one end) were
ﬁtted at the end of the compositions. When reached the destination, the driver
only has to switch cabins and the loco-hauled train is ready to be driven on the
opposite direction, just like in trainsets: no shunting is needed. (Figure 3.7) This
conﬁguration can have some safety issues in case of derailment or accident, when
the locomotive is in the push conﬁguration: in push conﬁguration, the locomotive
at the end of the train can smash and push forward the lighter wagons at the front
in the case of an incident, as the locomotive have much higher inertia. Besides, the
wagons have a bigger tendency to derail than a locomotive, since they are lighter.
This is especially problematic in case of impact with an object or animal: the
lighter control car is more aﬀected by an impact than the heavy locomotive, and
can cause the following wagons to derail. The Polmont rail accident in Scotland
and the Great Heck rail crash in England are examples of this problem.
Note: This conﬁguration cannot be confused with the top-tail conﬁguration, which
requires two locomotives at both ends of the train.
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Figure 3.7: German DBuz double-decker control car, from the former East Germany
[32]
3.4 Technology of Today and Tomorrow
There are some breakthroughs and tendencies on the railways nowadays. Some of them
are completely new technologies and designs, and some of them are designs and principles
used on the past, that were improved for today's use and had approvance of the railways
around the world. Here are the technologies considered more relevant today, that shape
the acquisition of new vehicles and railway research:
Hydrogen Fuel-Cells It was recently presented by Stadler a multiple-unit trainset
powered by hydrogen fuel cells, the "Coradia I-Lint" (Figure 3.8). Hydrogen ﬂows
from tanks mounted on the top of the trainset to fuel cells that produce electricity.
The electricity is then used both for the electric traction motors and to the cabins
and complementary systems, with the help of batteries that store the energy from
the fuel cell when not needed. This is a solution that can replace diesel trainsets in
non-electriﬁed lines, with the advantage of having zero local noxious gas or particles
emissions (only water vapour). Taking automobiles as an example, a study stated
a reduction of the CO2 emissions by 34%, comparing a gasoline car with their Fuel
Celled counterpart using hydrogen from natural gas, and 60% when using cleaner
hydrogen (54% from natural gas and 46% from renewable sources). [37] On other
side, there are some implementation problems when changing from diesel to fuel
celled trains: the lack of infrastructure to refuel the hydrogen tanks and the lack of
a dedicated chain of supply are two examples. The production of hydrogen is also
not 100% clean nowadays and relies on fossil fuels: 95% of the hydrogen produced
on the United States comes from natural gas reforming. [38] There are greener
production methods, like the electrolysis of water using electricity from renewable
sources, but they are not used in large scale.
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Figure 3.8: Hydrogen-powered trainset Coradia iLint [7]
Hybrid Powertrains As a technology that proved to be eﬀective on the automotive in-
dustry, some projects are in progress in which concerns the remotorization of diesel
powertrains of locomotives and trainsets by hybrid solutions. These projects are
focused on shunters/light locomotives and small regional trainsets. Hybrid power-
trains are very eﬃcient in reducing the fuel consumption and emissions of vehicles,
particularly in routes and driving cycles that imply many stops, with consequently
low speed and high number of accelerations and decelerations. The energy eﬃcient
electric motor can help the diesel engine to accelerate at low speeds or give a power
boost when needed, and act as a generator to recharge the batteries when deceler-
ating. Tooking the example of the HELMS project (conversion of a diesel-hydraulic
powertrain to a hybrid design with a planetary gearbox, maintaining the old diesel
engine), the emissions of harmful gases and fuel consumption are reduced in 20%,
maintaining the same performance (power curve and tractive eﬀort) of the old pow-
ertrain. The reduction in emissions and fuel consumption could be even bigger if a
new greener diesel engine were installed. The cost of the complete overhaul of the
locomotive and hybrid conversion is about 60% of a new locomotive of that kind.
Hybridization is diﬃcult in heavy locomotives and high-speed rail stock, since the
battery power required in these cases is too high, and batteries with that capacity
cannot ﬁt on the vehicles.
Bimodal Trains These trains are capable of using two distinct sources of energy, with
electrical traction motors, capables of running with electricity from overhead wires
and/or third rail, and with a diesel engine that can generate electricity when the
tracks are not electriﬁed. There are primarily diesels, primarily electricals and full
dual-mode locomotives. The ﬁrst ones were used particularly in the USA, because
of the restrictions in the New York area that prohibited steam and diesel engines
to run on certain tunnels and stations. In this case, trains ran most of the time
on diesel and a 3rd rail collector was used on the restricted stretches. Primarily
electric trains run most of the time on electric mode, and have a diesel engine to
generate electricity when the tracks are not electriﬁed (Freight yards, factories or
non-electriﬁed main stretches). Normally, the diesel generator maximum output is
lower that the electric motors output, so the train has performance restrictions when
running on diesel mode. Recently, Bombardier developed the Traxx AC3 with the
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"Last Mile" feature. These locomotives are primarily electric and have batteries and
a small diesel generator with 180kW, which enables crossing non-electriﬁed stretches
and shunting with the diesel engine, and even short drives around terminals and
factories running on the battery power. One particularity is that the starting
tractive eﬀort is the same either on diesel or in electric mode. Vossloh have also
developed a bimodal locomotive, the "Euro Dual", without batteries. This battery-
less technology is also used in some passenger trainsets in France and in some
trams (Siemens Combino Duo). In other cases, like the Japansese EV-E301 (Figure
3.9) and EV-E801, built by J-TREC and Hitachi respectively, the diesel engine is
substituted by batteries that charge when the train runs on electriﬁed lines or on
stations that have charging hardware (the two sources are the batteries and the
overhead wires).
Figure 3.9: Japanese E301 bi-modal Trainset [3]
Note: Taking the deﬁnition of the terms, hybrid vehicles are also bimodal vehicles,
but built for diﬀerent purposes. Hybrid vehicles can run on two or more power
sources at the same time, while bimodal vehicles are powered by only one at a
time.
Duplex wagons and trainsets The basic target of this design is to increase the pas-
senger capacity of a train. Instead of having just one ﬂoor with passengers, duplex
trains have two. Theoretically, the passenger capacity should be doubled. This
design got many acceptance around the world: comparing to a normal train, the
duplex can carry double the passengers with the same train length and about the
same tare and traction power. However, this trans have not double the capacity
of the normal trains: on normal trains, many equipment stands below the ﬂoor
(between the ﬂoor and the tracks), and all the wagon area is occupied by seats;
meawhile on duplex trains, many of these equipment has to be moved to the ends
of the wagon (since there are not enough space between the ﬂoor and the tracks),
creating "dead space". One disadvantage observed in many duplex trains of is the
claustrophobic ambience, derived from the lowered ﬂoor to ceiling height, and some
more serious ergonomic problems: on the upper deck of some DB duplex coaches
(from the former DR), on the window seats, passengers with tall stature (>1,75m)
have to travel with their heads twisted, as they cannot ﬁt on that seats without
touching with the head on the wall/top of the wagon. (See Figure 3.7)
Vactrain (Hyperloop) This concept consists on a very high speed rail system, in which
a maglev train runs on a sealed vacuum tube, reaching top speeds of 1200km/h.
As the air resistance (proporcional to the square of velocity) and the train-track
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contact resistance (proportional to the velocity) sum up the majority of the total
friction that a train faces when running, this design proves to be highly eﬃcient
in eliminating this losses. However, the vacuum production and the magnetic
levitation also require some energy, which has to be summed up to the total energy
consumption of the system. These trains, also called pods, provide a fast and quiet
ride, in a dedicated weather-proof track. Although, there are some disadvantages:
the cost of the dedicated infrastructure, vacuum leakage (it's inevitable in every
vacuum system, and gets worse the bigger the system is) and the inner space on a
pod, since its outer diameter is only about 2,23m (far smaller than the 3,07m wide
German ICE). This technology has just began developing: the ﬁrst design concept
was released in 2012 and the ﬁrst commercial routes are expected to start in 2021.
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Internship at DB Systemtechnik
4.1 Backgrounds
The interest in the railways was the motivation of doing an internship on the railway
industry. After the ﬁrst contact with a DB representative on the ﬁnal of EBEC 2015,
Ms. Inga Barisic, an open position was found on DB Systemtechnik in Cottbus, in
Mechanical Construction. This internship would not be possible without the support of
Eng. Tiago Góis, which helped surpass the initial bureaucracy and language barriers.
After the green light of the Mechanical Engineering Course Direction and the Erasmus
Coordinator, Prof. Dr. António Completo accepted the challenge of supervising, with
his extensive knowledge on mechanical construction. The internship took place between
March and September of 2017 in Cottbus, Germany.
4.2 DB Systemtechnik
DB Systemtechnik is the research and technology center of the DB AG group, the german
state-owned railway (Europe largest railway operator and infrastructure owner), and
one of the Europe's leading mobility and logistics companies. The company provides
engineering services to DB AG, namely in the railway market. It performs the engineering
know-how on the conversion and renovation projects for existing ﬂeets, troubleshooting,
approval tests, depot planning and information systems. The main clients are the german
railway operators of the DB AG group (DB Fernverkehr and DB Regio for passenger
services, DB Cargo for freight and DB Netz for Infrastructure) and the heavy maintenance
provider DB Fahrzeuginstandhaltung. External companies often also ask for the DB
Systemtechnik cooperation on their projects.
4.3 DB Fahrzeuginstandhaltung - Cottbus Plant/Workshop
The Cottbus plant is one of the 13 plants/workshops of DB Fahrzeuginstandhaltung.
This branch of DB AG is dedicated to heavy maintenance, overhauls, accident repair,
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modernization projects and refurbishment of rolling stock components. Cottbus is a town
in the East of Germany, near the border with Poland, with strong rail connections. It used
to be an important junction, especially because of the coal industry in the Niederlausitz
region. Since the ﬁrst electriﬁcation only took place in 1989 (Cottbus-Lübbenau track),
Cottbus has an extensive history of steam and diesel traction. The Cottbus workshop
specialized in diesel locomotives, focusing the USSR built BR23x series (from the former
Deutsche Reichsbahn), the BR 26x (Class 66/77), the BR29x and the electrical freight
locomotive LEW EL2 used in the coal mines of the region. Here are performed heavy
maintenance works, refurbishments, remotorizations and improvements, especially on
these series of locomotives.
4.4 DB Systemtechnik - Cottbus Oﬃce
The Cottbus oﬃce of DB Systemtechnik gives support to these operations, and cooper-
ates in some external projects also. It will be thereby described as the "department".
The department is composed by ﬁve teams: Mechanical, Electrical, Coordination, Man-
agement and Archive: the management team is composed by two persons responsible
for managing ﬁnancial and human resources, departmental external relations and client
prospection; the coordination team is responsible for major technological decisions on
the projects (supported by the mechanical and electrical team), scheduling and external
relations regarding speciﬁc projects; the mechanical and electrical teams are responsible
for all the mechanical and electrical planning and project; and ﬁnally the archive is re-
sponsible for the delivery of documentation to the production and keeping an updated
database of both new and old documents and project ﬁles. The department was involved
in many big projects regarding all types of rail vehicles:
 BR335 remotorization with a Caterpillar engine and a "Clean Emissions Module"
(particulate ﬁlter)
 Complex Spoiler for the Danish DSB Litra ME: The locomotive operates in a push
pull conﬁguration and had a problem of exhaust gases entering the wagons when
operating on the pull conﬁguration. A complex spoiler was designed and installed,
lowering the particulate levels inside the wagons for 8x less than before
 Report of the state and wear of the BR23x ﬂeet, using corrosion and wear analysis
on various components and ultrasonic thickness measurements
 Installation of a Start-Stop system on the BR29x series
 Instalation of a wankel generator on the Class 66 series: the EMD diesel prime
mover is a noisy engine, and there were many complains about noise, when the
locomotive had to stop at a signal for long periods of time. The prime mover could
not be turned oﬀ, especially on cold days, because the need for electricity and
heating for the cabin and cooling water. A "Wankel" diesel generator from a local
company was installed, and provided heating power (through an exhaust gas/water
heat exchanger and an electric heating unit) and electricity for the battery. This
way, the prime mover could be switched oﬀ at the signals
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 Refurbishment of the ET474 trainsets of the S-Bahn Hamburg, in cooperation with
other DB Systemtechnik oﬃce
 Refurbishment of the EL2 freight electric locomotives specialized in coal mining
 Remotorization of the BR23x with a Kolomna 12-cylinder engine - 4 prototypes
were built with 4 diﬀerent engines : Kolomna, Caterpillar, MaK and Wismut en-
gines - the Kolomna engine was chosen due to the ease of mount, since the old
engine was a Kolomna USSR-manufactured engine too.
Today, HELMS is by far the most important project. It consists on the project of hy-
bridization of two BR294 locomotives as prototypes to the modernization of the rest of
the series. These locomotives are diesel-hydraulic heavy-shunters projected on the 60's
and remotorized in the 00's, with a maximum power of 1000KW and 236kN of maxi-
mum tractive eﬀort. The diesel-hydrodynamic powertrain is intended to be substituted
by an hybrid drive, composed by the old remotorized diesel engine, a mechanical plan-
etary transmission with two electric traction motors and one generator for regenerative
braking and a battery pack of 120Ah (92kWh). There are some companies involved,
each one with a speciﬁc task: DB Cargo provides the two locomotives, Toshiba provides
the electric traction (traction motors, generator, battery pack and power electronics),
Henschel provides the mechanical planetary transmission, DB Systemtechnik is in charge
of the system integration, testing and approval, and ﬁnally DB Fahrzeuginstandhaltung
provides the workshop and labor for the construction of the two prototypes. The refur-
bishment is intended to renovate not only the powertrain, but also other subsystems :
bogies, cabin, chassis, compressed air system and paintwork. The cost of the complete
overhaul of the locomotive and hybrid conversion is about 60% of a new locomotive. The




The core of the internship is to give support to the mechanical project activities of the
department, and gain practical expertise on it, applying tools learned before during the
course. At the end of the internship, the objective is to be able to design and integrate
components in locomotives and infrastructure in compliance with the regulations, pro-
duce the documentation according to the FSF and internal guidelines and manage the
changes in the documentation according to the internal processes of the company. In
detail, the internship has the following programme/objectives:
 Get acquainted with Autocad Inventor and improve 3D-Construction knowledge;
 Get acquainted with Autocad Mechanical;
 Get acquainted with drawings creation and management processes by the Deutsche
Bahn;
 Get acquainted with FSF-Guidelines for drawing of technical documentation;
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 Increase the knowledge of the general technical norms;
 Get acquainted with railway speciﬁc technical norms;
 Get acquainted with rules and regulations for railway operation;
 Application of the gathered knowledge in the execution of tasks in the mechanical
construction.
The majority of the work was done within these guidelines, especially 3D construction
and drawings creation.
On the ﬁrst weeks, a schedule/plan was made by the internship advisor, which included
bureaucratic, a visit to the workshop, explanations about each locomotive, meetings with
the security, IT and archival responsibles and some activities to get to know the CAD
software. A workplace with a portable workstation and 2 monitors was assigned, in the
same room of the mechanical project manager and the internship advisor.
4.5.2 Extras
Additionally, there were some learning opportunities and event attendances that were
not planned initially, but that were useful for the internship and for future reference as
an engineer and mechanical constructor:
 Visit to the maintenance facilities of the Portuguese "Pendulino" ﬂeet, in Porto
(EMEF - UMAV)
 Attendance of the conference "Wayside Train Monitoring Systems 2017", in Berlin,
focused on systems installed on the tracks that can measure the status of rolling
stock
 Attendance of "Trako 2017", the second largest railway fair in Europe, in Poland
 Attendance of the DB Systemtechnik semestral balance, in Fulda
 Attendance of a KVT Fasteners product presentation on the department
 Get acquainted with the procedures of a locomotive post-repair test drive, before
the delivery to the client
 Develop competences of German language
4.5.3 Case Studys
During the 7 months of the internship, the work focused on the following projects:
 HELMS Project;
 BR23x Cabin Corrosion Repair;
 BR212 USB Charger Installation.
Each one is going to have a detailed explanation on the correspondent section.
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4.5.4 Working Method
The main focus of the internship was to give support to the mechanical construction
team. Within the projects that the team had on hands at a certain time, the internship
advisor analyzed the diﬃculty of certain tasks and proposed them on the context of the
internship. Starting with simple tasks and designs, to get acquaintance of the workplace,
software, processes and design rules, experience was gained and from time to time more
diﬃcult tasks were proposed. From a practical point of view, each simpler task (a 3D
model, a drawing, issuing a parts list. . . ) is one step further to complete the project of
a mechanical system. It would be impossible to start with a diﬃcult task without the
knowledge and practice of the ﬁrst simpler ones. As the diﬃculty of the tasks increased,
more autonomy was given to analyze and execute the tasks by myself. All doubts and
questions were clariﬁed in due time with the help of the team, especially the internship
advisor.
At the beginning of each task, the advisor or other colleague gave a detailed explanation
of the working scheme of the system, the objectives of the task and hints for how to get the
job done. If necessary, a visit to the workshop and to the locomotive was made, to clarify
doubts, make necessary measurements and to have an overview of the system.
As the team worked together in two rooms and gathered every day for breakfast and
lunch, it was not necessary to have a speciﬁc schedule for meeting or brainstorming. All
teams demonstrated to be very friendly and supportive with the new trainee, despite some
communication problems derived from the language barrier. That barrier was surpassed
over time with the help of dictionaries, translators, colleagues that spoke english and a
tireless compatriot, Eng. Tiago Góis.
When the tasks were ﬁnished a feedback was given and, if everything was correct, the
documentation was printed and handled to the archive. As stated before, the archive is
the documentation's intermediary between the department and the factory or external
companies.
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Case Studys
5.1 HELMS (Hybrid Electronic Mechanical Shunter)
As stated before, the HELMS project consists on the hybridization of a diesel-hydraulic
diesel shunter. Bigger and expensive components were reused from the old locomotive
(diesel engine, frame and bogies), but there were major changes in which concerns the
powertrain, control systems and other auxiliary systems (braking system, water-cooling
system. . . ). Some systems had to be rethinked and/or rerouted (e.g.: water-cooling
system), which took many workhours to complete.
In the beginning of the internship, some time was taken to comprehend the basics of
each HELMS sub-systems, to get to know how the locomotive were intended to work
and the guidelines and requirements that the team followed. The visits to the workshop
and explanations were fundamental, along with reading old V294 drawings. A general
explanation about the locomotive was done previously on section 3.4, and more detailed
explanations about speciﬁc systems are going to be given along with the description of
each task.
5.1.1 Piping for the Water-Cooling System: First dummies, drawings
and part lists (March-April)
The water-cooling system of the V294 locomotive is intended to maintain the cooling
water of the diesel engine and transmission ﬂuid at the best working temperature possible,
and to heat up the cabin. As a normal cooling system, it is composed by piping, a water
pump, a cooling unit (radiator), a controlling unit and some hydraulic accessories (valves,
choke plates, thermostats. . . ). (Figure 5.1)
Unlike the small engines used in cars, this big diesel engine is required to start with
pre-heated cooling water, at 45°C. The locomotive is equipped with a system that warms
up the cooling water if it stands below 45°C, to reduce the wear of the engine, and
it's particularly useful in the cold weather where the locomotives operate, often with
temperatures below 0°C in winter. The system is composed by a 9KW water pump, a
50KW boiler, a programmable control unit which operates automatically (turns on with
35
36 5.Case Studys
Figure 5.1: Excerpt of the Hydraulic Scheme of HELMS cooling system
water temperatures below 0°C) or can be manually programmed by the train driver (e.g.:
the locomotive will be started tomorrow at 6 a.m., so the driver programs the system to
start warming up at 5 a.m.) and the correspondent hydraulic connections. The boiler
burns diesel and the electric system can be powered by an external power outlet or the
battery.
Task
The main tasks for the modiﬁcation project of the original V294 cooling system were:
 Changing the gearbox oil cooler to a smaller one
 Mounting of pressure measurement points on the piping (this is only mandatory
for testing purposes on the prototypes and will not be included on the production
locomotives)
 Optimization of the system (introduction of bypass valves)
 Ensuring the correct pressure diﬀerential and velocity along the system (calculation,
testing and tuning of ﬂow restrictors)
As stated before, the original hydrodynamic transmission was changed by a planetary
gearbox. This modiﬁcation required changing the old transmission ﬂuid cooler to a new
smaller one. This led to a change of the pressure drops on the system, requiring a
recalculation and redesign of the piping. If these changes weren't made and the pressure
diﬀerential in certain parts of the circuit was too big, cavitation could form on some
speciﬁc locations of the system (bends), mainly on the cooling channels of the diesel
engine. Cavitation would wear out the system prematurely and lead to failures. On
the piping, cavitation cause water leaking (derived from the damage on the piping walls
and ﬁttings) and extensive damages on diesel engines: corrosion/erosion damages occur
on the internal walls of the engine, leading to the formation of small holes that allow
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mixture of engine oil and cooling water. The calculations have to ensure that the pressure
diﬀerentials are according to the limits established by the manufacturer of the engine.
(Figure 5.2)
Figure 5.2: Excerpt of the hydraulic calculations on Excel
The calculations for the pressure diﬀerentials and pipe diameters were already ﬁnished
when the internship began, but were explained by the internship advisor.
With all the parameters and dimensions calculated, the hydraulics schematic was issued
and a 3D model of the system was made. For this 3D model, some dummies of existing
V294 parts and new catalog parts (that the manufacturer didn't provide a CAD model)
were modeled, which consisted in the ﬁrst contribution of the internship to the project.
Together with the internship advisor, a visit to the workshop was made and various
photos and measurements were taken, which possibilited a 3D reconstruction of the
existent parts.
Dummies are intended to roughly represent the outer contours of the existing parts
and ﬁnely represent the zone where the dummy will be attached to other parts on the
assembly. They are not intended to be very detailed, in order to reduce the computer
processing power required to manipulate the bigger system and locomotive assembly ﬁles
(Part -> Assembly -> Sub-Systems -> Systems -> Locomotive), but at the same time
the fastening zones (ﬂanges, holes for fastening bolts. . . ) have to be precisely reproduced.
If they are too rough, the other parts which are derived from the dummy or have any
fastening with it will not ﬁt on the locomotive as intended and delay the project.
The water pump was already in use on the old locomotive. The valves were modeled
with the dimensions provided on the catalogs and respective datasheet. (Figure 5.3, 5.4
and 5.5)
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Figure 5.3: Measurements of the Water
Pump on the old locomotive
Figure 5.4: Manufacturer's drawing of the
non-return valve
(a) Water Pump (b) Non-return Valve
(c) Cut-oﬀ Valve
Figure 5.5: Dummys of the components
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After ﬁnishing the 3D dummies, a colleague placed them on the assembly of the cooling
water system and modelled the water pipes on the same assembly. (Figure 5.6)
Figure 5.6: 3D Model of the Water System
With the 3D model ready, the next task was issuing part and assembly drawings of
some of the system's components. Since this was on the beginning of the internship, an
experienced colleague took care of the big and complex whole assembly drawings while
the simpler component drawings were made by me. Some of the drawings can be found
annexed to this report. The task was relatively simple, but it involved the learning of
many rules, agreements and procedures followed by the department to issuing drawings
and part lists, and some railway norms:
 Get to know the diﬀerent agreements about technical drawings (within the depart-
ment, company, or with the client)
 Introduction to auxiliary tolerance symbols
 Introduction to welding norms and procedures (symbols, stamps, categories, ap-
provals)
 Correct ﬁlling of the drawing's labels
 Introduction to the Autodesk Vault
 Get to know the process of issuing a part list in the Vault.
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Drawings
The know-how gained on some of the subjects of the course (Technical Drawing, Me-
chanical Engineering Drawing and Technology of Joining Processes) was applied on the
production of the drawings, but many details were completely new. The ﬁgure 5.7 shows
a symbol that helps the production of pipes: it says that the length of the pipe (on this
case, the symmetry line) until that point has to be X. It's useful, since it shows directly
the exact length of half-ﬁnished (raw) pipe that has to be cutted at the beginning of the
production, before bending. The ﬁgure 5.7 shows the symbol used when an alteration of
an issued drawing is made. This symbol is placed near the alteration, in this case the
110 and the 870 dimensions: the "A" stands for the alteration index (A for the ﬁrst, B
for the second. . . ). On the label, a description of the changes, the alteration date and
the author is written next to the alteration index.
(a) 945mm is the total length of the pipe
(b) AO represents a change on that speciﬁc di-
mension - HEC0000-0037
Figure 5.7: Drawing Symbology on excerts of pipe's drawings - HEC0000-0021
The ﬁgure 5.8 shows an annotation on the dimensions that says an extra 20mm "Auf-
maß". This says that the part has to be produced with an extra 20mm (in this case,
produced with 280mm), that will be cutted as necessary while assembling the locomotive
on the workshop. Since the starting point was an already existent locomotive, and the
same refurbishment project is to be applied on up to 300 locomotives, this extra dimen-
sion is useful because every locomotive is diﬀerent from the other (some millimeters here,
some millimeters there) and this way the same part ﬁts perfectly on each of them. This
avoids the case that a ﬁnished part has to be thrown away because it is some millimeters
shorter that the necessary.
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Figure 5.8: "Aufmass" annotation on a pipe drawing
The ﬁlling of drawing's labels required some attention, since it was the ﬁrst time to
proper ﬁll one.
Figure 5.9: Label of a Technical Drawing - HEC0000-0037
On the ﬁgure 5.9 it's represented the label of a part drawing correctly ﬁlled and issued,
with the drawing number (project or external number), name of the part, the correspon-
dent assembly, drawing and checking dates and signatures, general tolerances, dimensions
and material norms of the raw material, weight, aﬀected vehicles (series and speciﬁc ve-
hicle or project), issuing date, department code and existence of bill of materials.
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Welding
The welding symbols were already known from the course, but the DIN EN 15085 norm
and approval process was new. The EN 15085 is the norm that describes the dimensioning
and certiﬁcation of the welds on rail vehicles. Several weld beads are described, each one
with a speciﬁc geometry. (Figure 5.10)
Figure 5.10: Extract of the Welding Norm DIN EN 15085-3: Welding Beads
There are weld performance classes (CP) described: a level from CP A (better) to CP
D is attributed depending of the safety requirements and stress state of the weld. The
safety requirements are evaluated as low, if the failure of the weld does not directly aﬀect
the overall function of the vehicle or it is unlikely to result in personal injuries; middle,
if it will result in restrictions to the overall function of the vehicle and/or may result in
personal injuries; high, if a weld failure likely leads to a failure of the overall function
of the vehicle and/or personal injuries. The stress state is evaluated as low, medium
and high, if the weld will be submitted to stresses of less than 75%, 75%<S<90% and
>90% the maximum fatigue strength (speciﬁed on the norm), respectively. Then, a
table (EN 15085-2:2007 - Table 1) relates the performance levels to a certiﬁcation level,
classiﬁed from CL 1 (better) to CL 4. Apart from this table, the appendix A from the EN
15085-2 has a list relating certain systems and areas of the locomotive to the respective
classiﬁcation levels, that must be used together with the CP/CL table. On this case, the
cooling system ﬁts on the CL2 category.
The majority of the corner welds followed the Tweld<0,7*Tsmallersheet rule. On the
diﬃcult cases, the welding engineer Steﬀen Manegold was always ready to give an advice.
The welding symbols and stamps on the drawings also followed the EN 15085 norm for
welding on rail vehicles. (Figure 5.11)
Every drawing containing a weld must have a welding stamp with the approval (signature)
of the weld engineer. Following this approval, the weld engineer of the workshop (in this
case, Frank Dicke from the Cottbus Plant) has to give another approval, certifying that
the weld classiﬁcation of the drawing is according to the standards and also that the
plant is certiﬁed to produce that weldings. (Figure 5.12)
Then, with all this approvals, the drawing is ready to go to production.
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Figure 5.11: Assembly drawing extract with weldings and preparation detail - HEC0000-
0034
(a) Department welding approval (b) Workshop welding approval
Figure 5.12: Welding Approvals according to the EN 15085
Painting
After ﬁnishing the welds, it was necessary to give the part a paintjob according to the
norm and client requirements. Deutsche Bahn has a norm for the paintjob of locomotives
and their systems, the DBS 918 301. For the HELMS Project, a list of the coatings to use
on each locomotive's system/area was made at the beginning of the project, in accordance
with the DB norm. For this system, the list says that a lacque has to be used, but the
color is not speciﬁed. The client requested that the interior of the locomotive was painted
on a speciﬁc grey. The lacque completely seals the part, inhibiting the formation of rust.
The paintjob is described in the drawings on a note, specifying the color, type of lacquer,
process, and the areas to paint (Figure 5.13). Note the indication that the ﬂange surfaces
where the parts attach to each other (with a seal) must not be painted (Anﬂanschﬂächen
ohne Farbgebung!).
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Figure 5.13: Note with the details of the necessary paintjob and applicable norms -
HEC0000-0025
Bill of Materials/Part List
Every assembly drawing is associated with a correspondent bill of materials. The bill of
materials provides a detailed description of the parts needed to produce a certain assem-
bly/system. There are no raw materials on this list, only parts and half-ﬁnished (cutted
pipes. . . ) materials. The part drawings have a drawing number according to the project
and/or DB norms. On the bill of materials are described the general dimensions, material
and other details of the parts. The normalized items (bolts, washers. . . ) don't need a
drawing, and both the norm and dimensions are described on the bill of materials. Items
bought externally (special bolts, adaptors. . . ) have their buying reference, dimensions
and the name of the manufacturer speciﬁed.
All items must have an article number: this number is attributed by the system and is
unique. This facilitates further searches and the integration on SAP systems.
Status
The parts were already produced and mounted on the locomotive. The pressure testing
was not done yet, since the locomotive was not running at the end of the internship.
(Figure 5.14 and 5.15)
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(a) Water Pump (b) Non-return Valve
(c) Cut-oﬀ Valve
Figure 5.14: Components of the Cooling Water System
Figure 5.15: Finished cooling system installed on one of the prototypes
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5.1.2 Holder for Pneumatic System piping underneath the cabin (April)
The pneumatic system of HELMS is responsible for the compressed air supply of the
locomotive. Many functions on a locomotive are done via compressed air and pneumatic
accessories, from the crucial braking system to some less important accessories as the
windshield wiper.
Task
On this task, the objective was to produce a holder for the pneumatic piping underneath
the cabin. The holder is ﬁxed to a steel frame, and holds on place 8 pipes. The core
of the holder was produced with beech wood: it's soft and doesn't scratch or deform
the pneumatic pipes, has anti-vibration properties, doesn't require the use of a rubber
"damper" and it's cheap. For fastening, two metal sheets were screwed against each
other, with the wood parts between them.
Figure 5.16: Holder Drawing
Status
The parts were already produced and mounted on the locomotive. (Figure 5.17)
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Figure 5.17: Holder mounted underneath the cabin
João Manuel de Sousa Januário Dissertação de Mestrado
48 5.Case Studys
5.1.3 Holder and shelf for electric components - Introduction to metal
sheet drawings and DFM/A (Design for Manufacturing/Assembly)
(April)
On the department, the mechanical and electrical team normally work independent of
each other, since the tasks of one are diﬀerent of the tasks of the other. However, some-
times, the teams need the help of the other. On this case, the task was the production of
a holder for electrical cable connectors and a shelf for electrical equipment. The holder,
produced with metal sheet, was intended to be mounted inside of a cabinet in the cabin,
and it was designed to hold 4 rows of cable connectors, with some space for the electric
cables. It was screwed to the walls of the cabinet via metal spacers. The spacers provide
5cm of space between the holder and the wall, for the passage of electric cables, and
prevent noise derived from vibration: if the sheet was screwed to the wall, as the ﬁttings
are on the 4 extremities, the center of the sheet would vibrate and hit the wall, causing
noises. There was installed an electrical earth connection with a screw and nuts.
The shelf was intended to be mounted on the cabin. It was produced with metal sheet,
with welded nuts to ﬁx the electrical components. In this case, the riveted nuts were not
an option because they were not available at the workshop at that time.
Task
The task here was to produce the documentation for both the holder and the shelf, since
the 3D model was almost ﬁnished. (Figure 5.18)
Figure 5.18: Holder and Shelf (in yellow), with the electrical connectors and equipment
in place
Poka-Yoke and DFM/A
The highlight of this shelf is the Poka-Yoke mounting system. Poka-yoke is a "mistake-
prooﬁng" mechanism that helps eliminating product defects or prevents human errors.
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This mechanism is one of the keys for DFM/A. This design is commonly used nowadays
in many consumer products: USB ports, power sockets. . .
Figure 5.19: Poka-Yoke example [25]
On this part/assembly, the slots on the sides have diﬀerent sizes and the parts of the
middle only ﬁt if everything is correctly mounted, preventing mistakes while assembling.
(Figure 5.20 and 5.21)
Figure 5.20: Shelf 3D Model
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(a) The slots on the sides have diﬀerent lengths. . .
(b) . . . and the central parts too (20 and 25mm)
Figure 5.21: Poka-Yoke Design
Metal Sheet Drawings
The principle of the sheet metal drawings is the same as the normal part drawings, but
there are some details that are exclusive from these last ones.
First, the part must be drawed on both planiﬁcation and folded states. On the planiﬁca-
tion, the coordinate dimensioning is very useful, since it eases the production on a laser
cutting machine. (Figure 5.22)
A convention of the department/workshop is the creation of a full-scale planiﬁcation
outside the printing area of the drawing ﬁles (without dimensions, just the contours).
This facilitates the laser cutting process: the laser cutter operator has access to the
drawing ﬁles and can copy the contours of the part to the laser cutting machine software,
accelerating the production process. (Figure 5.23)
On the planiﬁcation, the folding lines have to be drawn and speciﬁed. The bending
radius is deﬁned in the folded drawing. Normally the bending radius a bit bigger than
the thickness of the folder is designed (r=1,5·t). (Figure 5.24)
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Figure 5.22: Coordinate dimensioning on the planiﬁcation of the holder - HEC0000-0025
Figure 5.23: 1:2 Drawing and 1:1 "Laservorlage" outside of the printing area
Figure 5.24: Bending radius of 6mm on a 4mm thick sheet
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Status
Both the holder and the shelf were ﬁnished and mounted at the locomotive. (Figure 5.25
and 5.26)
Figure 5.25: Holder mounted on the locomotive with the electrical connections in place
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Figure 5.26: Shelf mounted on the locomotive with the electrical equipment in place
5.1.4 Cover Plates for the bottom of the cabin - Introduction to ad-
hesives and ﬁre protection (April)
The bottom of the cabin is composed by a frame, covered by metal sheets on the top and
bottom: the ﬂoor of the cabin on the top and insulation sheets on the bottom. (Figure
5.27)
Figure 5.27: Bottom of the cabin composed by a frame
Task
Due to the degradation along the years (See ﬁgure 5.30), the old cover and specially the
insulation materials were due to be replaced by newer ones. The new bottom insulation
is composed by a metal sheet, a thermal and acoustic insulation sheet (Cellofoam HL
Firestop R SK - self-adhesive heavy foil) and sealant band (Cellofoam LS 37 SK - self-
adhesive). The metal sheets are screwed to the frame, compressing the insulation sheet
and sealant band. The task here was to produce the documentation for the project of
the cover sheets.
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Adhesives
The DIN 6701 norm regulates and ensures the quality of the adhesive bondings in railway
vehicles. As in the welding norm previously described, there is a classiﬁcation according
to the level of safety required - A1, A2, A3 and Z:
A1 Unions involving high safety requirements - bonding failure can lead to a part to
fall from the vehicle and endanger passengers or pedestrians during the operation
(windows, exterior ﬁttings. . . )
A2 Unions involving medium safety requirements - bonding failure cannot lead to a part
to fall from the vehicle, but that can endanger passengers or pedestrians during
the operation (interior ﬁttings. . . )
A3 Unions involving low safety requirements - bonding failure can cause a decline in the
comfort of the vehicle without causing injury (ﬂoor covering. . . )
Z Unions executed in rail vehicles without safety requirements
The project of the adhesive bondings is assisted by an Adhesive Engineer (Ronny Nerlich),
and has to receive an approval before going to production. Every drawing that uses
adhesives must have a stamp in accordance to the norm, with the bonding classiﬁcation,
the positions to clean and glue and the approval signature. (Figure 5.28)
(a) Adhesive bonding approval label, indicating
the parts to bond and preparation method (b) Adhesive bonding symbols
Figure 5.28: Drawing of adhesive connections
In this case, the bondings had no safety requirement: the insulation sheet and the sealant
band are compressed by the metal sheet and the frame, and the bonding only serves to
guarantee that the areas away from the screwed connections will stick to the metal
sheet.
The bonding process starts with the cleaning of the metal sheet with a solvent (OKS
2661 - Spray). For a proper bonding, the bonding area must be clear of grease or any
residue. After that, the self-adhesive insulation sheet and the sealant band are glued to
the metal sheet.
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Fire Protection
After the installation of the sheets on the bottom of the cabin, the area was painted with
a ﬁreproof laque to meet the ﬁre safety regulations. This paintjob was described on the
coating document for HELMS (DBS 918 301 supplement 4.11). On the general assembly
drawing of the sheets it's described the area to paint and some more details about the
coating.
(a) Bottom of the cabin before the ﬁre retardant
paintjob (b) Finished ﬁre retardant paintjob (dark)
Figure 5.29: Fire protection paintjob and ﬁnal status
Status
All the parts were produced and installed on the locomotive (see 5.29).
5.1.5 Cover Plates for the front of the cabin - First in loco measure-
ments and model construction (April and June)
Similar to the previous task, the front of the cabin had some degradated insulation
material, this time between the cabin and the engine compartment. (Figure 5.30) There,
a metal frame was welded to the wall of the cabin, some thick insulation material was
glued to a metal sheet, all secured in place with screws. (Figure 5.31)
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Figure 5.30: Degradated insulation material on a metal sheet
Task
The cover metal sheet and the insulation material were due to be replaced due to degra-
dation. The same design (metal sheet plus thermal and acoustic insulation sheet) was
applied, but this time without the sealant band. Unlike the previous task, the 3D models
of the parts and the assembly were not already done: it was necessary to go to the loco-
motive, take pictures and measurements of the parts to build a 3D model and rebuild a
cover plate.
Measurements in loco
It was necessary to equip the proper safety wear to go to the factory grounds - safety
shoes, helmet and jacket - and the measuring tools. For this task, a metric tape and a
caliper were enough. On the locomotive, the dimensions of the old metal sheet and the
metal frame were taken. The metal sheet had some welded parts, which were necessary
to ﬁx the engine compartment illumination and a pipe. (Figure 5.31)
(a) Front of the cabin, facing the diesel engine (b) Old cover plate
Figure 5.31: Cover plate and location on the locomotive
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Model
Back in the oﬃce, the model of the metal sheet with the welded plates was ﬁnished. This
was the ﬁrst 3D model developed from the scratch in the context of the internship. Some
colleagues gave many tips of best practices in modeling, and they were useful.
The thermal and acoustic insulation sheet had the same dimensions of the metal sheet,
and it was glued to the metal sheet. Since the areas where the insulation sheet was not
compressed (areas far from the ﬁxation holes of the metal sheet to the cabin) were too
big, and there was the danger of the insulation sheet to unstick from the metal plate over
the years, some metal rivets were used. (Figure 5.32)
Figure 5.32: Drawing of the assembly and detail (Z) of the riveted connection
The part, weld and mounting drawing were issued in April. In June, it was necessary to
change the model to incorporate a holder for another system (gearbox protection). This
consisted on the welding of a metal rail to screw the cover for the transmission. (Figure
5.34)
Status
The part, weld and assembly drawing were issued. The parts were all installed on the
locomotive. (Figure 5.33 and 5.34)
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Figure 5.33: Finished and installed cover
Figure 5.34: Detail of the holder for the gearbox protection (next section)
5.1.6 Protection of the transmission shaft - First assembly drawing
within the big HELMS assembly (June)
The rotating movement of the crankshaft is transmitted to the transmission via a cardan
shaft. The shaft has three protective parts: two protect both cardan joints and the other
that impedes the axle to jump out of its place if something breaks (axle holder). The
ﬁrst one is ﬁxed to the cabin's ﬂoor and the other ones are ﬁxed to the chassis.
Task
The transmission was modiﬁed for the HELMS project, and the new planetary transmis-
sion is bigger than the original hydrodynamic one (Figure 5.36). The place where the
axle holder was screwed had to be cutted away. Besides, the original cardan protector
(transmission side) was too long for the new transmission. It was then necessary to make
some changes to these parts and to ﬁnd other place to ﬁt the axle holder. With the help
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Figure 5.35: Cardan axle and the protectors (old locomotive)
of the old drawings of the locomotive (copies of 50 years old drawings), the 3D models of
the original parts were made and the respective changes too. The cardan joint protector
was shortened and installed on the same position (See ﬁgure 5.36, left), and the central
shaft holder was installed right next to the original position, where it was possible to
screw.
Figure 5.36: 3D Model of the new positions, with the old positions in transparent
The part and welding drawings were issued with the new dimensions.
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Status
The part, weld and mounting drawing were issued. The parts were all installed on the
locomotive. (Figure 5.37)
Figure 5.37: One of the protective parts (the other ones are hidden underneath the
gearbox cover)
5.1.7 Transmission Cover (June)
On the old locomotive, the exhaust silencer stands directly above the transmission, with-
out any physical separation inbetween, and gets hot as the locomotive runs. (Figure
5.35, the exhaust silencer on the top and the transmission on the bottom) If something
happens to the transmission and it spills oil, there is a big ﬁre risk: the oil burns easily
in contact to the hot silencer. To meet the new ﬁre safety regulations (EN45545), the
transmission has to be covered to protect the spillage of oil to the hot exhaust.
Task
The task was to build a transmission cover that protected the oil spillage, but at the
same time possibilited the access to the transmission, for inspection and maintenance
purposes. The area to cover had also some hydraulic and fuel piping, which diﬃculted
the designing process (See ﬁgure 5.35).
The solution found was steel-sheet made protection with 3 top covers that provide an
easy access to the transmission. Since the diesel pump and fuel lines were in the area
where the cover would be installed, some metal sheets were also designed to protect this
system, for additional safety. The fuel pump holder was used as a support point for the
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set. (Figure 5.38) In the context of the internship, the fuel pump dummy was designed
followed by the precise 3D reconstruction of the fuel pump holder. After that, some help
was given to complete the 3D model of the cover and issuing the documentation.
Figure 5.38: 3D Model of the transmission cover, with and an additional protection for
the fuel pump
Assembly drawing
This was the most complex assembly drawing made during the internship. It required
many cutted and detail views, and all the knowledge from the previous drawings. (Figure
5.39)
Status
The documentation (drawings and part list) was issued. The parts were all installed on
the locomotive. (Figure 5.40)
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(a) First views and position on the locomotive
(b) Section views and detail
Figure 5.39: Drawings of the gear cover
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Figure 5.40: Transmission cover mounted on the locomotive
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5.1.8 Air Channel for the Integration Test (June-August)
Locomotives are assemblies of several complex systems that have to work well coor-
dinated. The locomotives renewed by the HELMS (BR294) project are going to be
equipped with many completely new systems, and the behavior of those new systems
has to be tested, individually and as a whole. Integration tests are intended to do that:
check if the behavior of the locomotive is the same as designed, submitting it to a various
range of tests and situations. For the introduction of a new rail vehicle to the market,
a battery of tests is necessary. Those tests have a standard - EN14363 - which deﬁnes
precisely which to make. The focus of those tests is to determine the dynamic behavior
of the vehicle and check if some parameters are within the limits.
On HELMS, since it's a remodelation of an existing locomotive, it's not necessary to
make those approval tests (EN14363), only the integration tests: the dynamic of the ve-
hicle will not be aﬀected (same power, same dimensions, same weight. . . ). The standing
integration tests will focus the powertrain management (new and complex system). The
powertrain management was planned by Toshiba (PCC cabinet), and manages all the
hybrid system: when the diesel engine will start and shut down, the braking regeneration
system, which load to the electric motors. . . For this test, two test bogies with electric
traction motors (one per bogie) from another locomotive (BR232) will be installed: in-
stead of powering the wheels, the powertrain will be connected to the BR232 electric
traction motor/generator, which will reproduce diﬀerent working and load conditions as
a dynamometer. (Figure 5.41) The motor/generator, will be connected to another lo-
comotive, and the diesel engine/generator (diesel-electric locomotive) of that locomotive
will provide the electric power to counteract the output shaft of the HELMS powertrain.
Both the bogie-mounted motor/generator and the gearbox need forced air for cooling.
The ﬂaps on the gearbox and the passing air are enough to cool it down in a normal
utilization. Meanwhile, this is a standing test and there is no passing air. A source of
forced air and a delivery system are needed for this test.
Figure 5.41: 3D model of the bogie for the integration test, with the motor/generator in
place (left), with the input on the left
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Task
On this project, the task was to build the air channels between a big 100KW ventilator
and the bogie-mounted traction engines/generations and gearbox. Some calculations
were made to get the dimensions of the section of the air channel, using the section of
the exhaust of the ventilator (355x450mm).(Figure 5.42)
Figure 5.42: Extract of the excel calculations of the canal section dimensions
This was not a simple task: the room where the test will took place is big but has many
space restrictions. There were a steel platform at the side of the locomotive, with about
25cm from the locomotive to the platform support pillars (Figure 5.43, yellow), and the
bogie-mounted motor/generator was not easily accessed (there were about 15cm from
the bottom of the bogie to the ﬂoor. (Figure 5.44)
Figure 5.43: Room for the integration test. The Pos.3 is the ventilator, the pillars are
numbered from 1 to 10 (yellow)
The ﬁrst big problem is to pass an air channel through the bogie of the locomotive,
because there are almost no free spaces to do that. (Figure 5.44) The second problem is
to deliver the air from inside the bogie to the electric motor/generator: there are almost
no spaces inside the bogie to pass air channels.
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Figure 5.44: Integration test bogie. The three areas in red are the positions to install
the air channels through
The coordination of the project decided that an air duct would be installed at the side of
the locomotive and fabric air intakes would be made from the duct to the motor/generator
and transmission. The air duct would be mounted 10cm above the ﬂoor, to enable the
passage of electrical connections, and one of the sides would be touching the pillars of
the platform. (Figure 5.43, pillars in yellow and duct in red) After mounting the air
duct on the room, the locomotive would enter the room and the connections between
the duct and the intakes would be fastened. After some measurements on site and the
old drawings on hands, the dummy of the fabric air intake was made. This dummy was
sent to an external company (Möllerﬂex) to ask the feasibility and pricing (Figure 5.45).
Since the air intakes of the motor/generators, are on opposite sides of the locomotive
(one left and one right) and the air duct is along one of the sides, one of the air intakes
has a more complex shape than the other. (Figure 5.45)
Finished that, the air duct was modeled in metal sheet, and the 3D assembly was made.
(Figure 5.46) The ventilator had to be mounted on one speciﬁc position (facing the door),
and it was diﬃcult to design a metal duct between the ventilator and the duct on the
side of the locomotive. This part was then modeled and sent to Möllerﬂex to be made
in ﬂexible fabric.
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(a) (b)
Figure 5.45: 3D dummy of the ﬂexible connections from the air duct (3 points) to the
motor/generator (1 point)
Figure 5.46: Air duct and connections on place
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The model existent on the vault only contained the bogie and not the whole locomotive,
and the dimensions were planned taking in count the boogie width and not the locomotive
width. (Note the intersection on ﬁgure 5.43) The problem came to the surface when I
was observing a photo of a BR294 locomotive (Figure 5.47), and noticed that the stairs
the locomotive had were not accounted on the design and would ram the air duct when
the locomotive entered the room. This problem was communicated to the leader of the
team and a meeting with the coordination team was scheduled.
Figure 5.47: V294 locomotive. Note the stairs to access the locomotive.
After the meeting, it was decided that the best to do was to use 3 smaller ventilators - one
for each motor/generator and one for the transmission and electric housing - eliminating
the big air duct alongside the locomotive. These ventilators are originary from a BR23x
locomotive, the same donor as the motors/generators. (Figure 5.48) They would stay
aligned, at the side of the locomotive, with the motors/generators and the transmission,
and metal air ducts will be designed to channel the air from these ventilators.
Figure 5.48: BR232 traction motor ventilator
Some time later, the company in charge of the air intakes said that they were too diﬃcult
to produce in ﬂexible material. A new solution was needed. It was then decided that the
João Manuel de Sousa Januário Dissertação de Mestrado
5.Case Studys 69
air intakes on the motors/generators should be a metal sheet welded construction. This
construction had to be simple enough for the workshop to be able to produce it and for
economic reasons (very simple sheet design, bending and welding). Since these intakes
are going to be used only once, they must be as simple and easy as possible to produce
due to economic reasons. From the ﬁrst Möllerﬂex dummy, a new dummy was modelled
taking in account the simple metal sheet construction, aerodynamics and the tight space
in which the intake must ﬁt in.
(a) (b)
Figure 5.49: Air intake in the motor/generator, with 3 air admissions
After the approval of the dummy design, a proper metal sheet model was made, with 11
diﬀerent parts and welding. (Figure 5.49)
Figure 5.50: Assembly drawing of the air intake
The documentation was then issued and sent to the archive/production. (Figure 5.50)
After ﬁnishing this, help was requested to model the connection between the ventilators
and the bogie. The design principle was the same as before: a simple and economical
metal sheet welded part. This time, the air channels of the locomotive were almost
ﬁnished, so this part had to comply with that dimensions: height of the air channels to
the ﬂoor and maximum length. (Figure 5.51)
Later, the seals for all the connections were designed with the dimensions of the ﬂanges.
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(a) (b)
Figure 5.51: Air exhaust of the ventilator, with 3 air channels
This seals were made of "Kautasit", which comes to the factory as a sheet and is cutted
according the drawings. (Figure 5.52)
Figure 5.52: Example of a "Kautasit" workshop-cutted seal
Status
All the documentation was approved and went to the archive/production, but the parts
were not produced at the time of the end of the internship.
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5.1.9 Cover Panels for the transmission (August)
Engine bays must be physically isolated from the exterior, for obvious reasons (today's
cars have a metal hood and plastic protections on the bottom of the engine bay). On
the HELMS project, the engine room is protected from above by a hood, as all the
hood-locomotives (North American Railroad Terminology), and on the bottom by the
chassis, except on the transmission bay that is open to the exterior. As stated before,
the bottom of the transmission has to be in contact with the passing air underneath the
locomotive to cool the transmission oil. Meanwhile, the rest of the transmission bay has
to be covered to isolate the engine room to the exterior.
Task
The task here was to make the project of this insulation. The easiest way to do that
was to design some metal covers that were bolted between the transmission and the
transmission bay. As the transmission is not 100% ﬁxed (has a suspended design), the
design had to take in account some movement of the transmission in relation to the
transmission bay. For that, a ﬂexible fabric cover some centimeters wide was planned
to be used along the contour of the transmission bay, between the metal covers and the
transmission bay. The major challenges of this project were the tight space and diﬃcult
access to the areas around the transmission.
The essence of this design was already planned by the weld engineer Steﬀen Manegold,
but the 3D model (parts and assembly) was very incomplete. The ﬁrst designs didn't
took in account the diﬃcult access, and the big cover that was designed in ﬁrst place
had to be separated in smaller sheets.
In the context of the internship, the 3D model of the metal covers and respective assembly
was done. (Figure 5.53 and 5.54) After that, the documentation was issued.
The ﬂexible material cover was ordered to Möllerﬂex, since the workshop has no capacity
to produce it fabric parts.
Status
The documentation was issued but none of the parts was already produced by the ﬁnish
of the internship. (Figure 5.53)
João Manuel de Sousa Januário Dissertação de Mestrado
72 5.Case Studys
Figure 5.53: Bottom view of the transmission (note the cooling ﬂaps) with the covers in
purple
Figure 5.54: Covers and the transmission bay
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5.2 The BR23x
The BR23x are a series of heavy locomotives from the 70's, originary from the Soviet
Union. During their long life, almost all of the existing ones have some kind of modern-
Figure 5.55: BR233 on the Cottbus Workshop [8]
ization: a new 12-cylinder Kolomna engine replacing the old 16-cylinder one, an engine
diagnostic system. . . The Cottbus workshop has assisted this locomotives since the be-
ginning of its use, and has an extensive knowledge about them.
5.2.1 BR23x Cabin Corrosion Repair
Some of the locomotives of this series developed some severe corrosion on the ﬂoor of the
cabin next to the diesel engine. Some of the corrosion spreaded also to the bodywork
and chassis. (Figure 5.56) The DB Systemtechnik was in charge of developing a solution
to this problem, and provide the documentation for the repairing of the series. The
solution found was to remove the aﬀected area on the ﬂoor and replace it with a new
metal sheet.
(a) Corroded panel removed on the bodywork (b) Corroded ﬂoor removed
Figure 5.56: BR23x Corrosion
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Task
On this project, the task was to make the 3D models and drawings of the ﬂoor panel
repairing sheets needed to weld to the locomotive and perform the repair. One peculiar
aspect of this task was that the locomotive's dimensions were not exact from one to
another: for example, the length of the cabin varied in 2cm on two measured locomo-
tives. On the drawings, this was taken in account adding a note saying that, despite the
dimensions on the drawing, measurements on the locomotive to repair must be taken
before cutting the metal sheets. (Figure 5.57)
Figure 5.57: Drawing of one repairing sheet, with the note 1) to measure the locomotive
Status
All the parts were produced and mounted on the locomotive. Unfortunately, the repaired
locomotive left the workshop before any photos could be taken.
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5.3 BR212
The BR212 is a series of light locomotives from the 60's, originary from Germany.
Figure 5.58: BR212 on the Cottbus Workshop
5.3.1 USB Charger Installation
A client of DB Systemtechnik ordered the installation of USB charging ports on the
driving console of this series of locomotives. The project was almost ﬁnished, with all
the needed parts chosen, but a metal holder to ﬁx the USB ports to the console was
missing. (Figure 5.59)
Figure 5.59: The location for the USB ports installation, left to the INDUSI warning
lights
João Manuel de Sousa Januário Dissertação de Mestrado
76 5.Case Studys
Task
The task was to make the 3D model and drawing of this small metal holder. Since it was
a simple task, it was promptly done. (Figure 5.60)
Figure 5.60: Drawing of the holder
Status
The project was ﬁnished but it was not mounted on the locomotive yet.
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Events/Technical Visits
As stated before, there were some opportunities to attend events and technical visits
related to the railway. This chapter will feature a summary of each one of them.
6.1 Visit to EMEF - UMAV (High Speed Maintenance Unit)
(May)
The UMAV is the maintenance unit responsible for the the Pendulino ﬂeet (10x CPA4000)
in Portugal, based in Contumil, Porto. The visit was guided by Pedro Moreira, head of
the unit, and Nuno Freitas, from Nomad Tech, and had as main subject maintenance
topics (legislation, scheduling, extending the lifespan of components, new maintenance
plan construction, general topics about the railways and the tele-maintenance system
developed by EMEF).
(a) Before the refurbishment, with the tilting
system in action [35] (b) After the refurbishment [34]
Figure 6.1: CPA4000 Trainset
6.1.1 Legislation and Safety
Trains are complex systems. They are big, have many diﬀerent systems that can fail
independently form another, and have a very speciﬁc and detailed maintenance plan.
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This maintenance plan has to be followed strictly, since trains transport many people
and have to be safe. Despite that, for economical reasons, trains have to be reliable,
since they leave the factory till they are removed from commercial service. In Portugal,
there are a regulator for the maintenance of rolling stock, IMT (Instituto da Mobilidade
e Transportes), which audits the maintenance workshops for quality. Each day, both
the train operator and the infrastructure owner have to make reports stating service
disturbances that happened that day. If an accident happens, the "GISAF" (Gabinete de
Investigação de Segurança e de Acidentes Ferroviários) have to investigate its causes and
suggest changes to the maintenance or operation to increase safety. Since the beginning
of the operation, there have never been any accidents in which the causes were related
to the CPA ﬂeet, only external agents (runovers at crossings, suicides. . . ).
6.1.2 Maintenance Plans
Each train leaves the factory with a recommended maintenance plan. As the today's
rolling stock manufacturer are no more than system integrators (buy one system from
here, other system from there, and integrate them to form a train), a major problem of the
factory maintenance plans is that they normally don't consider the utilization parameters
of the trains and just follow the maintenance instructions of the sub-systems. As an
example, for certain routes, the wear on the wheels is excessive due to to tight curves and
the wheel's ﬂanges must be checked often to prevent failure. (Porto-Guimarães Route,
with iberian gauge-tracks built with the same routing of the old metric gauge tracks).
The manufacturers maintenance plan doesn't have this in account, as it predicts mostly
a 'best case scenario' of utilization. Despite that, it's recommended to follow it within
the warranty of the train. Expired the warranty, and after the workshop gained some
knowledge of what are the train wear patterns and which systems have more failures, a
RCM based maintenance program is developed and followed. It takes in account an RCM
analisis to the components, the operational context, an adaptation to the redundancies,
workshop experience and train conﬁguration. (Figure 6.2) This plan has to be approved
by the national authorities before being deployed to the ﬂeet. On the speciﬁc case of
the Pendulinos in EMEF, 70% of the tasks of the original manufacturers maintenance
plan were modiﬁed, indicating that the original plan was not adapted to the portuguese
operational context. Other problem of the manufacturers maintenance program was that
the actions written were not too speciﬁc in the maintenance context ("check the general
condition of the bogies" instead of "check the bolted connection between A and B, check
the holder for damage"). As bogies are complex parts, this leaded to many problems
and ambiguities. Each month the EMEF and the operator have a meeting to analyze the
occurrences (delays and cancellation of commercial services), check the roots and failure
modes that leaded to them and eventually suggest changes to the maintenance plan. If
a failure mode that puts the security of the passengers and crew in risk is detected, and
if it's impossible to predict or avoid it, a re-project of the system is mandatory.





Detailed Operacional Plans (Work Orders)



























Figure 6.2: Maintenance Justiﬁcation File
6.1.3 Professional competences of the workers
This maintenance unit has some of the best technicians of the area. First of all, tech-
nicians must have completed the High School. Unlike other workshops, the unit has a
internal certiﬁcation plan and rank for technicians (Competences Matrix). First, the
technicians have an initial extensive classroom training. After that, they follow the ac-
tivities of an expert technician, without touching anything - just watch and learn. Some
time later, followed by an expert technician, they perform some maintenance activities
and have to explain to the expert, in clear voice, what they are doing and why. After
some time, an exam is made: he performs the activities alone, followed by 2 engineers
and has to show them that he can handle the task and know what he is doing. The
ranks are independent from one task to the other (it's not as the Army): a technician
can be top ranked in one task but have no certiﬁcation on other task. Only top rank
technicians on one task can give training to the novices, and after some time without
performing a task (>1 year), they gradually lose the rank and certiﬁcation and have to
receive training again.
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Figure 6.3: UMAV's Headquarters
6.1.4 Traction Motors Lifecycle Extension
On the original maintenance plan, the electric traction motors were due to be refurbished
every 1.8 million km. By the time the electric traction motors reached this limit, bearing,
winding and general state inspections proved that they were still in good shape and
had no relevant failures. The unit then developed a Lifecycle Extension program on
them, checking its condition (bearing condition, windings and the general condition) in
periodical intervals (200000km), and kept an eye on its failures overtime. This made
possible an lifecycle extension of more than the double of the initial predicted lifetime.
By the time of the visit, some traction motors had more than 4.5 million km done without
refurbishment, which is considered a huge success.
6.1.5 Maintenance Logistics
In which concerns the logistics of the needed materials for a maintenance work, this
unit uses the "basket" concept. This consists on a big plastic box which contains all
the materials needed for a job. Instead of grabbing individual components from the
dispensary, workers just need to go to this box (which is placed near the train) and they
can ﬁnd all they need. This strategy works well thanks to the detailed work orders and
experience of the unit.
6.1.6 Tele-maintenance and Diagnostic System (ROCM)
This system, installed on the Pendulino ﬂeet, enables remote monitoring on the vast
majority of the train's systems and remote technical support and troubleshooting. In
the control central (on the EMEF UMAV facilities), it's possible to know the exact
location of the train in real time, its speed, information about the state of sensors, relays
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and circuit breakers, throttle position. . . The system separates faults in 3 levels, according
to its gravity, and shows alerts on the control central if needed. The maintenance team
knows beforehand if it's mandatory a visit to the workshop or if they can solve the
system's faults remotely. If a visit is needed, the team knows beforehand which parts
are probably failing and need to be replaced. The control central crew can also help the
train driver remotely, guiding him to which circuit breaker needs rearming or other part
that need attention.
6.2 Wayside Train Monitoring Systems 2017 (April)
Wayside Train Monitoring Systems are systems mounted on the infrastructure and which
monitor the condition of the passing trains. This systems facilitate automated surveil-
lance of trains at normal line speed: hot box detectors, brake-locking detectors, wheel
load checkpoints, proﬁle clearance detectors, pantograph analysers. . . Some of this sys-
tems provide valuable data for the maintenance crews and help the optimisation of the
maintenance procudure.
The conference brought many experts on this area, that presented their case study's and
presented top-of-the-edge technology. The two most interesting presentations were:
 SBB's policy regarding the information collected by the automated train condition
monitoring checkpoints. This checkpoints collect data regarding hot boxes, proﬁle
violation and wheel defects. Some infrastructure owners sell this information to
the train operators. SBB gives this information for free and has a control center of
this checkpoints capable of immobilize potentially dangerous trains. This increases
safety (Detects and eliminates potentially dangerous train conditions before an in-
cident occurs) and improve track availability (early detection and appropriate inter-
vention measures). This system identiﬁes the owner/operator of the train/wagons
via an RFID tag.
 Frauscher ﬁber optics technology. This technology enables real time position mon-
itoring of rolling stock via Distributed Acoustic Sensing with a ﬁber optic cable
installed along the tracks. The cable senses the vibration and the equipment in-
stalled on a central (located each 80km of track) can read precisely in which location
that vibration occurred. The ﬁber is so precise that can detect not only the posi-
tion of the train, but ﬂat wheels, catenary ﬂashover, broken rails, rail degradation
(minor defects). . . and locate them spacially with a resolution of meters.
6.3 TRAKO 2017 (September)
TRAKO is a bi-annual international railway fair which brings together manufacturers
of rolling stock, infrasctructure, service providers, products for the railway. . . everything
that has any railway application. Apart from the exhibitors and the trains on the exterior,
there were some conferences and presentations about railway technology. The major
drawback was that many of them were in Polish. Besides, there were some interesting
presentations:
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 Ultracapacitors for railway: ultracapacitors are similar to batteries, but can provide
much more power in a much smaller interval of time. They have bigger lifecycle
than batteries and smaller charging times. On the railway, they can be used instead
of batteries for starting diesel engines at low temperatures, installed on catenary-
free vehicles that have charging equipment at the stops/stations (where the stops
are located nearby each other) and to support the power grid where there are trains
equiped with regenerative braking.
 Trends in hybrid traction for shunting locomotives: Evolution towards smaller
diesel generators, evolution of the batteries pushed by the automotive inustry, im-
provement in power electronics and energy management systems and LiON batter-
ies.
On the exhibitors it was possible to be in touch with the latest products available to use
on the project of rolling stock.
6.4 Test Drive (September)
On the ﬁnal stretch of the internship it was possible, thanks to Eng.Tiago Góis, to follow
a crew performing the test drive and last-minute repairs before delivering a repaired
locomotive to a costumer. Many thanks also to the crew of the train, the train driver
Mr.Jürg and the mechanic Mr.Thomas for their kindness and valuable explanations. The
locomotive in cause was a Class 77 (BR247). (Figure 6.4)
Figure 6.4: Class 77 tested
After meeting the crew and warming up the locomotive, the safety system testing began
right after the exit of the workshop. There is a stopping beacon (2000Hz) of the PZB
INDUSI security system. The train must stop right after the beacon without human
interaction. After rearming the system, the train proceeded to the main line towards
"Finsterwalde", a station about 50km from Cottbus. This line has a low traﬃc den-
sity and is ideal for this type of tests. The test proceeded without any problem until
"Finsterwalde". The train driver gave many explanations about the diﬀerent signaling
systems in use in Germany and the on-board computer and route map. Everything was
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ﬁne with the locomotive excepting some cabin warning light bulbs (similar to the "low oil
pressure" light on the dashboard a car). Mr.Thomas changed the bulbs and everything
was in order. Before lunch, a brief stop in the "Finsterwalde Traﬃc Controlling Center"
was made, to warn them of the departure of the test train on the afternoon and to get
to know this type of facilities. After lunch, the crew resumed the test, again reaching
the workshop without any problem. After parking the locomotive on the shed, Mr.Jurg
performed a ﬁnal veriﬁcation on the exterior of the locomotive, focusing the bearings,
bogies and wheels. The bearings had been replaced on this repair job, and their well
functioning could be proved with the touching test: if the back of the hand could rest on
the bearing box without causing burns, then the bearing is well functioning. The wheels
were re-proﬁled and they were in good shape after the test. The wheel-axle pressed
connection was proved via a hammer and knocks on the center of the wheel: the knocks
produce a diﬀerent sound depending if everything is properly ﬁx or not. Everything was
ok and the locomotive passed the test.
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Chapter 7
Conclusions and Future Works
Doing a retrospective of these 7 months, it's safe to say that all of the initial objectives
were met. Some tasks lasted a bit longer than the initially planned, namely the last
one of the project HELMS, due to some problems faced along the works. Despite that,
everyone was satisﬁed with the new intern. Globally, the tasks were well suited to the
objectives of the internship. It was possible to have overview of diﬀerent systems and
work on them, and get to know how the things work together. Besides the autonomy
that was given by the mentor, he has available every time it was needed.
In terms of skills acquired, the internship was very rich since it was possible to work on
a industrial environment where every day is a diﬀerent day and many.
The working conditions on the company were excellent, which is why I recommend the
internship and "Ausbildung" programmes on Deutsche Bahn. Since the remuneration,
the time bank, the assigned oﬃce, everything far exceeded the expectations.
On the HELMS project, the future works are easy to identify: ﬁnish the mechanical
and electrical systems integration and get the prototypes ready to run. On the other
projects, they are a bit more diﬃcult to identify, since the other projects in the contexts
of the internship were ﬁnished. On the department, as a superior stated, some work has
to be done in the adaptation of the workplace to the lean methodology.
This seven months were a really challenging introduction to the industry and the ﬁrst
job, since the mechanical engineering topics, the language, the adaptation to a new work
place. . . I surely recommend an internship abroad for all my ambicious colleagues on the
senior year of the University. An advice for all these colleages is to learn German as
soon as possible, because it eases the communication and opens new learning opportu-
nities with the experienced colleages that can or cannot speak other language besides
german.
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Isometrie (1 : 10)
BR 294 789-3; BR 294 832-1
V294 HELMS














































Kompetenzzentrum LOK u. NFZ
Montagelehre
Anpassung HK nach Kühler
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A.2 Holder for the Pneumatic System
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A.3 Holder and Shelf for Electrical Components
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Kompetenzzentrum LOK u. NFZ
Gewindeklotz
Geräteträger f. elektr. Komponenten
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- Farbgebung nach DBS 918301 - Beiblatt 4.11 - III Beschichtungsaufbau Nr. 4
- Decklack RAL 7032 - Kieselgrau
- Grundierung und Deckbeschichtung sind ausschließlich   von der Fa. Mäder 



















































































































































































































A B C D E F
"Urheberschutz"






















A B C D E F G H
"Weitergabe sowie Vervielfältigung dieses Dokuments, Verwertung und Mitteilung 
seines Inhalts sind verboten, soweit nicht ausdrücklich gestattet. 
Zuwiderhandlungen verpflichten zu Schadenersatz. Alle Rechte für den Fall der 



















































































































































































































































































A B C D E F
"Urheberschutz"






















A B C D E F G H
"Weitergabe sowie Vervielfältigung dieses Dokuments, Verwertung und Mitteilung 
seines Inhalts sind verboten, soweit nicht ausdrücklich gestattet. 
Zuwiderhandlungen verpflichten zu Schadenersatz. Alle Rechte für den Fall der 




































































A B C D E F
"Urheberschutz"













A B C D E F
"Weitergabe sowie Vervielfältigung dieses Dokuments, Verwertung und Mitteilung 
seines Inhalts sind verboten, soweit nicht ausdrücklich gestattet. 
Zuwiderhandlungen verpflichten zu Schadenersatz. Alle Rechte für den Fall der 










































































































































































































































































































































































































































A B C D E F
"Urheberschutz"































J K L M
J K L M
"Weitergabe sowie Vervielfältigung dieses Dokuments, Verwertung und Mitteilung 
seines Inhalts sind verboten, soweit nicht ausdrücklich gestattet. 
Zuwiderhandlungen verpflichten zu Schadenersatz. Alle Rechte für den Fall der 
























































































































































































































































































































































































































































































































































































































































































































































































































   
   
   











































































































A.4 Cover Plates for the Bottom of the Cabin
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A.5 Cover Plates for the Front of the Cabin
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A.6 Protection of the Transmission Shaft
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A.8 Air Channel for the Integration Test
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A.9 Cover Panels for the Transmission
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- Aufschraubblech ist alternativ in CS212.1.76.010.001 Einbau USB-Dose 
  zur Aussparung für USB-Dose auf dem Gehäuse aufzuschrauben.
